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Section 1 
FOREWOm) 


The experimental investigation of pressure and heat -transfer on the 
NASA Space Shuttle External Tank (ET) was conducted by Calspan Corporation for 
the George C. Marshall Space Flight Center (MSFC) of the National Aeronautics 
and Space Administration (NASA) under Contract NAS8-31398. This wind tunnel 
test program to support ET disposal was conducted during the period 9 June 1975 
to 24 June 1975 in the Calsapn 48-inch Hypersonic Shock Tunnel (HST) . The 
program was monitored by Mr* Homer Wilson » Mr. John Warmbrod and Mr. Ira Jones 
of NASA. NASA has designated this test as TH2F. 


The test model was Rockwell International Corporation (RIC) space 
shuttle external tank model 37-T which was loaned for this program. Additional 
model parts and all instrumentation were fabricated and installed by Calspan. 

The model and the results of the test program are unclassified. 
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Section 2 

NOMENCLATURE AND SYMBOLS 


Free-stream speed of sound (ft/see) 

/C Specific heat of Pyrex substrate CBTU/ib-®R) 

2 2 

Specific heat at constant pressure of test gas (ft /sec -®R) 

Cn Stanton number, 778 

C* Pressure coefficient , 

■A Heat transfer coefficient, 778 x 32.17 * (Ib^/ft^-sec) 

Ap Enthalpy in dissociation (ft^/see^) 

2 2 

Gas enthalpy at wall temperature (ft /sec ) 

2 2 

Hg Test gas stagnation enthalpy (ft /sec ) 

2 2 

W| Gas enthalpy at initial temperature T| (ft /sec ) 

2 2 

Theoretical enthalpy behind reflected shock wave in shock tube (ft /see ) 


Hr, 2, etc. 

A 

L 

Mi 

•p 

■p'o 

Pr 


P<e 
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% 

% 
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Model heat "transfer gauge location and identification, see Table 1 
Thermal conductivity of Pyrex substrate (BTU/sec-ft-“R) 

Length of external tank model (inches) 

Incident shock wave Mach number 
Free-stream Mach number 
Model surface pressure (psia) 

Test gas reservoir pressure (psia) 

Total pressure behind normal shock wave in free stream (psia) 

Initial driven tube pressure (psia) 

Theoretical pressure behind reflected shock wave in shock tube (psia) 

Free-^stream static pressure (psia) 

Initial pressure in test section before run (psia) 

Prandtl number at wall temperature T„ 

w 2 

Model surface heat-transfer rate (BTU/ft -see) 

Model surface heat-transfer rate corrected to initial wall temperature 
T^^, (BTU/ft2-see) 

Theoretical stagnation line heat-transfer rate for 3. 24-inch diameter 
cylinder (BTU/ft2-sec) 

Free-stream dynamic pressure, 1/2 U«, , (psia) 
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H'oo 
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Enthalpy recovery factor 

Model radius Cin.); Gas constant (ft /sec -®R) 

Free-stream Reynolds number per foot, /Ooo , (ft'^) 

Reynolds number based on free stream conditions and model length, 

Reynolds number based on conditions behind normal shockwave in test 
section and model radius. 

Time during test (see.) 

Model surface ten^ierature (*R) 

Model initial wall ten^erature (^R) 

Gas reservoir temperature ("R) 

Total temperature behind a normal shock wave in free stream (°R) 
Initial gas temperature in shock tube (“R) 

Theoretical temperature behind reflected shock wave in shock tube (®R) 
Free-stream static ten^erature ("R) 

Incident shock wave velocity (ft/sec) 

Free-stream velocity (ft/sec) 

Longitudinal distance along model axis (in.) 

Distance normal to model surface (in.) 

Angle of attack (deg.) 

Specific heat ratio 

Azimuthal angle around model (deg.) 

.\bsolute viscosity at wall temperature T (slugs/ft-sec) 

I ^ 

Absolute viscosity at temperature T^ (slugs/ft-sec) 

Absolute viscosity at ten5>erature T* (slugs/ft-sec) 

3 

Density of Pyrex substrate (lb/ ft ) 

3 

Density at wall temperature T (slugs/ft ) 

3 

Density at temperature T ' (s lugs/ft ) 

■ 3 

Free-stream density (slugs/ ft ) 

Angle of roll (deg.) 

Angle of yaw (deg.) 
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Section 3 
INTRODUCTION 


The objective o£ this program was to conduct pressure and heat trans- 
fer tests simulating flight conditions which the space shuttle external tank 
will experience prior to break-up. This series of tests (TH2F) for NASA/MSFC 
utilized a 0.010-scale model (37 -T) built for the Rockwell International 
Corporation. The tests were conducted in the Calspan 48-inch Hypersonic Shock 
Tunnel and simulated entry conditions for nominal, abort-onee-around (AOA) and 
return to launch site (RTLS) launch occurrences. 

Surface pressure and heat -transfer-rate distributions were obtained 
with and without various proturberences (or exterior hardware) on the model at 
Mach numbers from 15.2 to 17.7 at angles of attack from -15“ to -180“ and at 
several roll angles. The tests were conducted over a Reynolds number range 
from 0.013 x 10° to 0.58 x 10 , based on model length. 
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Section 4 
TEST EQUIPMENT 


SHOCK TUNNEL 

The basic components of the 48-inch Hypersonic Shock Tunnel (HST) are 
shown in Figure 1 and are described in Reference 1. This HST employs a 
constant-area shock tube with an 8-inch inner diameter. The driver tube is 
20-feet long and is externally heated by an electrical resistance heater to 
temperatures of 1460'*R. The driven tube is 50 feet long and contains instru- 
mentation ports for the measurement of incident shock wave speed and pressure 
behind the reflected shock wave. For the present test program, the driver gas 

was either a mixture of helium and air or pure helium, while the driven (test) 

2 

gas was air. The tailored- interface mode of operation was used to provide 
the longest possible steady state reservoir conditions for the nozzle. 

Although = 8 and Mo# = 16 contoured nozzles are available for the 
48" HST, a 10.5* semi-angle conical nozzle having a 48-inch exit diameter was 
used in this program. The lowest Reynolds number test condition dictated the 
selection of this nozzle. This nozzle (designated as the "E” nozzle) can be 
operated with throat diameters ranging from 1.125" to 0.20". It has been 
calibrated for test section Mach numbers (M* ) from 11 to 23 and unit Reynolds 

X f. 

numbers from 4.5 x 10 to 2 x 10 per foot using pitot-pressure survey rakes. 

The test section is equipped with 16- inch diameter windows allowing 
schlieren or shadowgraph flow visualization. 

MODEL 

The RIG Model 37 -T is a 0.010 scale model of the space shuttle ex- 

3 4 

temal tank (Figure 2) and was used in previous shock tunnel test programs. * 
This model was designed and fabricated by Grumman Aerospace Corporation. The 
model diametei' is 3*24 inches and the model reference Length is 18.65 inches. 
The tank is an ogive cylinder with an elliptical base. For this program, the 
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original sphere-ogive nose configuration was used rather than the hemisphere 
cylinder nose vent cap.^ The model was tested with and without the various 
external fuel lines « pressure lines, electrical conduits and forward and rear- 
ward attachment struts for mating to the orbiter, For angles of attack greater 
than 90®, a new nose section, base plug and sting were required. These parts 
were designed and fabricated by Calspan as part of the present program. The 
model is shown in Figure 3 in this configuration. 

For all tests the model was sting-mounted through either the base 
Oai^ 90®) or the nose 90®) and could be rolled about its longitudinal 

axis. Because the pitch sector of the 48** HST has a maximum angle of attack 
of 53.5®, a 45® adapter was used oh all tests to allow the model axis to be 
set at angles from 0® to 90®. Typical installation photographs of the model 
are shown in Figure 4. The ceiling-mounted pitot probe visible in Figure 4a 
was utilized throughout the test program. During the tests a second pitot 
probe and a stagnation heat transfer probe were added. These are visible in 
Figures 4c and 4d and are also shown in Figure 5, 

INSTRUMENTATION 

Heat Transfer 

The model is instrumented with a total of 80 heat-transfer gauges 
of which as many as 42 were utilized for the present tests, A sketch of the 
model showing the heat -transfer and pressure gauge locations is shown in 
Figure 6. Table I gives the axial and peripheral location of each gauge. 

During the test program a cylindrical probe instrumented to measure stagnation 
line heat transfer rate was mounted in the test section. 

The measurement of heat-transfer rates relies on sensing the 
transient surface temperature of the mpdei by means of thin-film resistance 
thermometers.^*^ These gauges are fabricated either on small Pyrex buttons or 
on contoured strips of Pyrex glass. The sensing element is a thin platinum 
strip painted on the Pyrex. After painting, the gauge is heated in an oven at 
controlled conditions resulting in a thin metal film fused to the Pyrex 


6 


substrate. Typically, the element is 0.1 micron thick, 0.20-inch long and 
0.02-inch wide. Because the heat capacity of the gauge is negligible, the film 
ten^erature is equal to the instantaneous surface temperature of the Pyrex sub- 
strate. The surface ten^erature is sensed by using the gauge as a resistance 
thermometer. The measured surface temperature is related to the heat- transfer 
rate to the model by the theory outlined in Section 7 of this report and dis- 
cussed in detail in Reference 6. 

Pressure 

The model was instrumented with a maximum of 13 pressure transducers 
along the top and bottom centerline ( 0 = 180* and 0®, respectively) and on the 
base, Figure 6, Table II gives the axial and peripheral location of each gauge. 
One or two pitot pressure probes were mounted in the test section also to 
monitor the air flow. 

The pressure gauges installed in the model and in the pitot 
probes were Galspaii-developed miniature transducers *®en?»loying lead-zirconium- 
titanate piezoelectric ceramics as pressure sensitive energy sources and field 
effects transistors as power an^lifiers. The complete unit is about 0.37-inch 
in diameter and 0.21 -inch thick. These transducers have sensitivities of 
approximately 1.5 V/psi and can be used up to 3 psi pressure. To provide 
acceleration compensation, an additional diaphragm-ceramic unit is wired in 
opposition to the active unit; this design reduces acceleration sensitivity to 
approximately lO'^ psi/g. A heat shield minimizes temperature effects. 

Pressure behind the reflected shock wave in the shock tube (the 
nozzle reservoir pressure, p^) was measured on each run using four Calspan- 
developed strain gauge pressure transducers . 

Shock Wave Speed Meastirement 

Measurement of the speed of the incident shock wave in the 
driven tube is fundamental to determining the test conditions in a hypersonic 
shock tunnel. Three thin- film heat-transfer gauges were used to detect the 
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passage of the incident shock wave. These gauges were spaced 5 feet apart 
with the last one located 2.5 feet from the end of the driven tube. The 
electrical signal generated by the passage of the shock wave is used to start 
and/br stop digital counters having a resolution of 1 microsecond. Thus, two 
wave speed measurements are obtained each test run with an error of less 
than 1%. 

DATA ACQUISITION 

The electrical output of the heat-transfer gauges, one of the pitot 
probes, and the reservoir pressures were recorded on a Navigation Computer 
Corporation MCL-100 data acquisition system (NAVCOR). Outputs from the model 
and the second pitot probe pressure transducers were recorded on Tektronix 
Corporation Type 502 dual-beam oscilloscopes where the trace generated on the 
cathode ray tube was photographed on Polaroid film using conventional oscillo- 
scope cameras. 

The 48-ehannel NAVCOR system simultaneously samples the electrical 
inputs to each channel at 50 microsecond intervals and records the information 
in digital form on a magnetic storage drum. The available recording time is 
15 milliseconds. The readout cycle after a test run involves transferring the 
data to a digital -to-analog converter at a speed compatible with a direct-writing, 
strip chart recorder. The output from each heat-transfer gauge, as recorded on 
the NAVCOR, was additionally processed by a "q-meter", a passive electric 
analog network that converts transient temperature history into a heat -transfer 
rate, and reproduced on the strip recorder simultaneously with the temperature 
history. 

FLOW VISUALIZATION 

A dGuble-pass> collimated- light schlieren system was used to obtain 
flow field photographs. A single photograph was taken each run with a spark 
light source having a duration of 0,6 microsecond. 
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Section S 
TEST PROCEDURE 


CALIBRATION 

The heat-transfer gauges were calibrated prior to installation in the 
model to determine the change in resistance of the thin metal film with tem- 
perature. The resistance was measured at three temperatures up to 150®F during 
the calibration and the calibrated sensitivity • (ohms/ “F) is linear over this 
range which exceeds the surface temperature changes encountered in the present 
tests . 


All pressure transducers were calibrated on a dead weight tester both 
before and after the test program. 

TEST PROGRAM 

Because the external tank is expected to undergo tumbling during 
entry, the test program included angles of attack from -15“ to -180“ and roll 

angles from 0® to 90®. Tests both with and without the external hardware were 

included. The program was conducted at three nominal test conditions: 

M,, - 15.3 and Re/ft = 3.7 x 10^; = 15.2 and Re/ft - 4.6 x 10^; = 17.7 

3 

and Re/ft = 8.7 x 10 . Although the tests were conducted xn a conical nozzle, 
no source flow corrections were applied to the data. The complete run schedule 
is presented in Table III which lists the model configuration tested, the 
nominal values of free- stream Mach number and Reynolds number, the angle of 
attack, and the roll angle. 
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Section 6 
TEST CONDITIONS 


Normally the values o£ free-stream Mach number in the test section 

are determined from correlations of M„ with M. and p based on previous air- 

» 10 

flow calibrations. It became evident early in the test program that the pitot 
pressure predicted by this procedure was different from that measured by the 
ceiling-mounted pitot probe. Because this probe was located 13-1/4 inches 
above the tunnel centerline to clear the model at the large angles of attack, 
a second pitot probe was mounted along side the model about 6 inches from the 
tunnel centerline (Figure 5) ♦ This second pitot probe, as well as heat 
transfer measurements on the stagnation line of a 1-inch diameter cylinder 
(Figure 5), provided additional information for evaluating the test conditions. 

The free-stream conditions have been determined using an average 
value of p VpQ obtained from both pitot probes and model pressures along the 
cylindrical portion of the model at 90® angle of attack. At the lowest 
Reynolds number test condition, the ceiling-mounted pitot probe was outside 
the core of uniform flow. At that Reynolds number^ only measurements made with 
the side pitot probe and with the model at oi, = -90® were used to obtain an 
average value of p^Vp^* The average values of p^'/p^^ for each of the three 
nominal test conditions are as follows: 



Re/ ft 

P '/p 

15.3 

3.7 X 10® 

3.22 X 10 

15.2 

4.6 X 10^ 

2.24 X 10 

17.7 

8.7 X 10® 

1.195 X 10 


The free-stream test conditions of pressure, temperature, Reynolds 
number, etc. were computed assuming isentropic expansion of the test gas 
from conditions behind the reflected shock wave to the test section Mach 
number as determined from the average value of p^'/p^. The flow is ejcpanded 
sufficiently so that the air in the test sect! m is cool enough to obey the 
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perfect gas law burt still remains above the temperature for oxygen liquifi- 
catipn. 


The stagnation enthalpy and tes^erature o£ the air behind the re' 
fleeted shoclc wave were determined from 



% = “i 

CD 

and 

Tq = Tj^ (T^/Tj), respectively 

C2) 


where H^/H, and T7T, are functions of U., the incident shock wave velocity, 
4 1 4 1 1 

and Pj, the initial pressure in the driven tube (References 9-11). was 
obtained by measuring the time taken by the shock wave to pass between two 


stations in the shock tube. was taken from Reference 12. 
static tenqperature was obtained from 


Free- stream 






/ + 




N 




(3) 


with jZp„ = 6005 ft^/sec^ ®R and = 1.40. Free-stream static pressure was 


calculated using 

“ (j) (' 



(4) 


where P (‘p»/Po) rea.1 

is the real-gas correction to the ideal gas static-to-total pressure ratio as 
described in Reference 13. The sources for the real gas data used in this 
technique were References 12 and 14. 


The free-^ stream velocity U ^ was determined by 


(5) 


where = 49.01 VT^' » the speed of sound. 
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( 6 ) 


Free-stream dynamic pressure was calculated from 


o » 



and free-stream density was based on the ideal gas equation of state 


/V = / (7) 

2 2 

where R = 1716 ft /sec -°R, Values for absolute viscosity ^ used to confute 
Reynolds number were obtained from Reference 15 for temperatures below S00®R 
and from Reference 16 for ten 5 )eratures above 500®R. 


the reference temperature T* was taken as 1/2 (T ' + T ) where T ' is 

0 w o 

the total temperature behind a normal shock wave in the test section and 
equals the initial temperature Tj^. The Chapman- Rubes in viscosity constant C* 
was then calculated from 



( 8 ) 


The stagnation conditions behind a normal shock wave in the test 
section are based on the data of Reference 14. 


In addition to the test section conditions, a theoretical stagnation 

line heat-transfer rate for a 3.24-inch diameter cylinder normal to the flow 

17 

was calculated for each run by the method of Fay and Riddell. This theo- 
retical heat-transfer rate has been adopted as the reference value in 


normalizing the heat-transfer data. The stagnation line heat-transfer rate 
is given by 

0.7/b 
" 778 VT’ 




where 1"^** ~ and the Lewis number is Le = 1.4. 

The test conditions for each run are given in Table IV. A discussion 
of the consistency of these test conditions with pressure and heat transfer 
measurements is included in Section 9 with the presentation of the data. 
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Section 7 
DATA lyEDUGTION 


HEAT TRANSFER 

The "thin film" heat-transfer gauge is a resistance thermometer which 
reacts to the local surface ten^erature of the model. The theory of heat con- 
duction is used to relate the surface ten5>erature history to the rate of heat 
transfer. Because the resistance element has negligible heat capacity and, 
hence, negligible effect on the Pyrex substrate surface temperature, the sub- 
strate can be characterized as being homogeneous and isotropic. In addition, 
because of the short duration of a shock tunnel test Ctypieally less than 
10 milliseconds), the substrate can be treated as a semi-infinite body. The 
general heat conduction equation is 

^ [^(T) il ] CIO) 

where p , jc and -k are substrate density, specific heat and thermal con- 
ductivity, respectively, and is the distance normal to the substrate 
surface. 


If the substrate properties are independent of ten^Jerature, i.e,, if 
the temperature rise is less than 100"F, a closed-form solution is obtained 
for the heat- transfer rate. 




2 


v^[ 


ret) . 


- TCt) 


it-%) 




dx 


Cii) 


Two approaches are used at Galspah for obtaining heat-transfer rates 
from the temperature-time records; a numerical integration procedure and an 
analog eleetrical network. The analog network approach was used in the present 
work. 
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ANALOG q-METER 

In cases where the surface temperature change is nominally less than 
100“F, Equation CIO) may be solved directly by use of q-meters, which are 
passive electrical analog networks, in conjunction with the heat-transfer 
gauge. The analog is based on the fact that the equation for heat conduction 
in a semi-infinite solid is identical to that for a semi-infinite electrical 
transmission line with distributed series resistance and shunt capacitanee. 

In practice, it ha- been found feasible to construct the analog of a finite 
number of circuit elements consisting of parallel res is tor- capacitor elements 
in a series arrangement. For temperatures greater than 100® F, the variation 
of substrate properties with temperature causes a drop of the q-raeter output 
which is corrected by a time and heat transfer rate dependent factor. In the 
present tests the temperature change was such that this correction was not 
necessary. 


However, because the heat-transfer rate is a function of the instan- 
taneous wall temperature, the following correction for the wall temperature 
is applied to obtain the equivalent, cold wall, heat-transfer rate based on the 
initial wall temperature. 


^ w 






] - 




C12) 


The recovery factor r varies from 1.0 for a stagnation point to typically 
0.85 for a laminar boundaig^ layer flow well removed from the stagnation point. 
Rather than attempt to evaluate r at all local conditions, the value of 1 has 
been used in correcting the measured heat-transfer rates to the initial cold 
wall temperature. This yields a correction that is stifficiently accurate in the 
present tests because of the relatively small wall temperature during the run. 


HEAT TRANSFER COEFFICIENTS 


The heat- transfer data were normalized in terms of a heat-transfer 
coefficient A and a Stanton number based on free-stream conditions. The 
relations used are 

= 778 {3 X.) 7) 
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77g 

pco 


( 14 ) 




where the wall conditions are based on the initial model surface temperature 

T = . These coefficients have been calculated for values of ^ = 1.0 and 

w 1 

0.85. 


PRESSURE 

The pressure transducers measure the difference between the local 
model surface pressure and the initial test-section pressure Thus, the 

initial pressure was added to the indicated pressure to obtain the absolute 
model surface pressure p. This pressure was converted to a pressure coefficient 
C using the values of dynamic pressure and static pressure p^j, given in 
Table IV. The model pressures were also normalized by the pitot pressure p^'. 
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Section 8 
PRECISION OF DATA 


TEST CONDITIONS 

The basic measurements used to determine the test conditions were the 
speed of the incident shock wave the pressure behind the reflected shock 

wave C-p*)> and pitot pressures 3 in the test section, The shock wave 
speed C U* 3 was measured to within -l.o percent. Based on the agreement of 
the four pressure transducers used, the pressure behind the reflected shock 
(the nozzle reservoir pressure) is considered accurate to within -3%. The 
pitot pressure measurements have a probable error of -3.2%. The resulting 
probable error in free- stream Mach number CM») is -1.6%. The stagnation 
enthalpy (H*,) was calculated from the measured initial pressure in the driven 
tube and the incident shock Mach number using the equilibrium thermodynamic 
properties of real air. The uncertainty resulting from this calculation is 
about 0.4 percent. Another source of uncertainty in the stagnation enthalpy 
results from the fact that the measured pressure behind the reflected shock 
wave may not agree exactly with the theoretical pressure (e.g. , the interface 
may not be ideally tailored) . Based on a comparison of measured and theoretical 
pressures for the present tests, this results in an overall uncertainty in 
of about -2%. 

MODEL DATA 

Calibrations to determine the heat-transfer gauge temperature- 
resistance characteristics indicate a potential uncertainty of -1%. Far more 
significant than this is the repeatability of the heat transfer gauge during 
testing. A series of shock tunnel tests designed to determine repeatability 
of heat transfer data has shown an RMS deviation of -3%. A combination of 
these errors indicates that the overall uncerta-inty in the heat transfer data 
is about -3.2 percent. At heat transfer rates below 1 BTU/ft -sec, greater in- 
accuracies occur because of lower signal -to-noise ratios. These are manifest 
as greater scatter in the data. 
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the model pressure transducers have a precision, of -1%; the overall 
accuracy of the pressure measurement in the shock tunnel is generally -5% or 
better. However, at very low pressures such as were encountered on the leeside 
of the model in the present tests signal-to-noise ratios are low and greater 
data scatter is evident. 
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Section 9 

PRESENTATION OF DATA 


PRESSURE DATA 

The model pressure data are given in Table V, which lists the absolute 
pressure (psia ) , the pressure coefficient and the ratio of model pressure 

to pitot pressure (taken from Table IV) . The variation of along 

the windward side at ot = -15", -45", -90", -135" and -180" is shown in 

4 

Figure 7. To implify this figure, only data at 7.1 x 10 are in- 

cluded. Note that for some runs, the tank was "clean” whereas for other runs 
the exterior protuberances were mounted on the model Also included in Figure 7 
are runs at ct = -180® with and without the side-amounted pitot probe and the 
additional 1-inch diameter heat-transfer cylinder (Figure 5). The external 
protuberances affected the pressures only in the region of the rear attachment 
strut. The presence of the additional probes had no effect on the pressures. 

The fact that the pressure at x/t - 1.0 exceeds the pitot pressure at o£ - -180" 
is a result of the axial gradients which exist in the conical nozzle. At 
Oi = -180® data are shown for both the top and bottom pressures and are in 
good agreement. 

Another comparison of pressures with and without the external protu- 
berances on the tank is shown in Figure 8. Here data at ^ 1.3 x 10^ 

and OL = “45" and -90" are compared. The agreement is good except near the 
forward attachment strut at Oi = -45® and on the base at £X = -90". 


In the following table the measured pitot pressures from ceiling- 
mounted and side-mounted probes and the average of model pressures P9 through 
P12 at ot = -90® are compared with the pitot pressure calculated for each run 
using the average values of given in Section 6. Because the measure- 

ments reported in this table were those used to obtain the average values of 
•Po'/Po » table serves to illustrate the consistency of the probe and model 
measurements and the repeatability from run to run. The runs are grouped by 
test condition rather than by sequential run number . 
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Test Condition X: M„ “ 15.3 Re/£t - 3,7 x 10^ 


Run 

^0 

CP^') calc. 

(p^») ceiling 

CP^') side 

Avg. p(P9-P12) 

6 

3928 

1.270 

1.289 



9 

3761 

1.210 

- 


1.212 

11 

347G 

1.280 

1.259 


1.268 

15 

3642 

1.170 

1.099 



26 

4067 

1.310 

1.312 

1.338 


Test Condition 2: 15.2 Re/ ft = 4.6 x 10^ 

7 

1590 

,5560 

. 3582 

^ , 

i 


10 

1701 

.3810 

. 3731 


.3715 

16 

1507 

.3380 

- 



19 

1690 

.3790 

. 3663 

.3546 


21 

1626 

.3640 

. 3685 

.3475 


25 

1685 

. 3770 

.3948 

.3652 


28 

1596 

.3575 

.3628 




Test Condition 3: 11,1 Re/ft = 8.7 x 10^ 


5 

491.0 

. 04998 

* 

. 05986 



8 

519.5 

. 05288 

.06686 



12 

434.5 

. 04428 

. 05857 


. 04191 

13 

509.2 

.05188 

. 06430 


. 05080 

14 

513. 0 

.05228 

.06804 



17 

555.9 

. 05657 

.06753 



18 

535, 0 

. 05448 

.07377 



20 

537.2 

.05467 

.06154 



23 

526.4 

.05358 

. 07762 

.05878 


24 

508.6 

. 05178 

.07297 

.05172 


27 

540.9 

.05510 

.06714 

.05441 



* - 

At this Test Condition the ceiling^-mounted pitot probe was outside the core 
of uniform flow. 
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HEAT TRANSFER DATA 


The model heat transfer data are given in Table VI which lists the 
heat-transfer rate corrected to the initial cold-wall temperature 
CBTO/ft^-sec) , the ratio of this rate to the theoretical stagnation- line 
value for a 3. 24- inch diameter cylinder the heat-transfer coefficient M 
and the Stanton number for recovery factors of 1.0 and 0,85. The theoretical 
stagnation- line heat-transfer rate has been calculated using the analysis of 
Fay and Riddell, 

The variation of along the windward side at Re 7,1 x 10^ 

for OL ~ -15®, -45®, -90® and -180® is shown in Figure 9 for those runs with and 
without the side-mounted pitot probe and 1-inch diameter heat transfer cylinder. 

In both this figure and in Figure 7 it is apparent that these additional probes 
were not perturbing the flow about the model. 

The effect of the external proturbances on the heat transfer is 
illustrated in Figure 10 for Ot = -45® and -90® at ~ 1.3 x 10^. At 

- -45® there is a pronounced peak in the heat transfer rate near the forward 
attachment strut. 

The circumferential variation of heat-transfer rate for - 7.1 x lO"^ 

is shown in Figure 11 at X/L « 0.4, 0.5 and 0.6 for OL - -15®, -45“ and -90®. 

This variation is essentially independent of x/L along the cylindrical portion 
of the model. 

A comparison of the heat -transfer data from the cylindrical portion 

of the model at ot = -90® and the 1-inch heat- transfer cylinder (Figure 5) with 

17 

the laminar boundary layer theory of Fay and Riddell and the low Reynolds 

19 

number theory of Cheng is shown in Figure 12. In this comparison the 
Stanton numbers are shown as a function of Cheng's parameter 
For the external tank model the data from x/l “ 0.35 to x/L = 0.80 are 
averaged and shown as a single data point, while the total variation of these 
data are indicated by error bars. At the highest Reynolds number (Re/ ft ^ 

3.7 X 10^), the external tank data lie above the Fay and Riddell theory. The 
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corresponding 1-inch cylinder data for this Reynolds number (Run 26) are not 
included in Figure 12 because the heat transfer records show definite signs of 
particle- induced flow disturbances. Such effects are also present in some of 
the external tank data from Run 11 (the higher of the two data points at 

s 285) and the disturbance can be seen in the schlieren picture (Figure 18) . 

7 z 4 

At all lower values of K (Re/ ft = 8.7 x 10 and Re/ft — 4.6 x 10 ) the data 

are in better agreement with the laminar boundary layer theory of Fay and 

Riddell than with the low Reynolds number theory of Cheng. 


The values of q /q for the 1-inch diameter heat- transfer probe and 
^w o 

the average model data (for 0.35 ^ x/L ^ 0.80) at fli. = -90® are listed in the 
following table. For the 1-inch cylinder has been calculated for that 
diameter rather than the value for 3.24 in. used elsewhere. 


Run 


(HS2)/4o 

^ (Model)/q^ 

9 



1.178 

10 



1.030 

11 

1 


1.238 

12 



.9060 

19 

.985 

.938 


20 

.953 



21 

.986 



23 

1,006 1 

.988 


24 

.989 

.992 


25 

1.073 

1.057 


27 

1.005 

.969 



H51, H52 are heat transfer gauges on the l^in. diameter cylinder. 
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The data from the 1-inch diameter cylinder are in acceptable agreement with 
the Fay and Riddell theory. For the external tank model at ot = -90®, the 
averaged stagnation-line heat-transfer rate at the highest Reynolds number 
(Re/ft ^ 3.7 X 10®, Runs 9 and 113 is 18 to 24 percent greater than the theory, 

4 

is in very good agreement at the intermediate Reynolds number (Re/ ft “4.6 x 10 , 
Run 10) and is about 9% low at the lowest Reynolds number (Re/ft “ 8,7 x 10 , 

Run 12) . 

SCHLIEREN PHOTOGRAPHS 

Schlieren photographs of the flow field are presented in Figures 13-21. 
On many runs, flow field characteristics, i.e,, shock waves, could not be 
discerned because of the low free-stream density. Attention is called to 
Figure 18 taken on Run 11 where a flow disturbance caused by a particle is 
clearly visible. Such flow disturbances result in enhanced heat-transfer 


rates. 


Section 10 
SUMMARY 


Local heat-transfer rates and static wall pressures have been 
measured on a model of NASA Shuttle external tank at angles of attack from 
-15® to -180® and at several roll angles. The tests were conducted at three 
test conditions having the following nominal values of free-stream Mach 
number and Reynolds number based on model length. 


Test Condition 

1 

2 

3 


Mach Number 

15.3 

15.2 

17.7 


Reynolds Number 

5.77 X 10^ 
7.12 X 
1.36 X lo"^ 


The test program included runs with and without the external hard- 
ware associated with the attachment structure to the orbiter, LOX feed lines ^ 
pressures lines and electrical conduits. However j there were only three com- 
binations of test condition and model angle of attack where runs were made 
with both the ’’clean" and "complete” configuration. Thus, only limited data 
was acquired relative to the influence of the external hardware on the local 
heat-transfer rates or static wall pressure. 

The primary objective of this test program was to obtain data over a 
wider range of Reynolds numbers than available from previous external tank 
tests and, in particular, to test at lower Reynolds numbers corresponding to 
the higher altitudes of the tank reentry. 
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TABLE I 

Heat Transfer Instrximentation 


Model Location No. 


Gage No. 


X/L 


0 (deg.) 


Remarks 











TABLE I (Cont’d) 

Heat Transfer Institunentation 


Model Location No. 

Gage No. 

X/L 

d (deg.) 

Remarks 

H-26 

123 

■1 

180 


H-27 

138 

mm 

221.5 


H-28 

154 


270 


H-29 

158 

mm 

315 


H-30 

124 


180 


H-31 

125 

■RIB 

180 


H-32 

155 

.700 

270 


H-33 

162 

.800 

0 


H-34 

126 

.800 

180 


H-35 

140 

.800 

221.5 


H-36 

156 


270 


H-37 

159 

.800 

1 

315 


H-38 

127 

.900 

180 


H-39 

135 

.900 

199 


H-40 

142 

.900 

221.5 


H-41 

ISO 

.900 

247.5 


H-42 

157 

.900 

270 


H-43 

148 

.960 

241 


H-44 

239 

1.000 

0 

On base plug, 
\oti> 90® only 


HSl, H52 are heat transfer gauges on the 1-inch diameter cylinder probe. 
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TABLE II 

Pressure Instrumentation 
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TABLE III 


TEST TH2F RUN SCHEDULE 


Run Test 


No. 

Configuration 


jL 

Condition 

1 

Clean 

-45® 

0® 

1 

2 



-45® 

0° 

1 

3 



-45® 

0® 

2 

4 



o 

t 

0° 

3 

5 



-45® 

0® 

2 

6 



-15® 

0° 

1 

7 



-15® 

0® 

3 

8 



-15® 

0® 

2 

9 



-90® 

0® 

1 

10 


1 

-90® 

0® 

3 

11 



o 

o 

1 

0® 

1 

12 



-90® 

0® 

2 

13 

Complete 

-90® 

0® 

2 

14 



-90® 

90® 

2 

15 



1 

o 

o 

0® 

1 

16 



-45® 

0® 

3 

17 



Q 

1 

0° 

2 

18 

! 


-45® 

45® 

2 

19 



-135® 

0® 

3 

20 



-155® 

0® 

2 

21 



-180® 

0® 

3 

22 



-135° 

45® 

2 

23 



-135® 

45® 

2 

24 

1 


-135® 

90® 

2 

25 

Clean 

1 

00 

o 

o 

0® 

3 

26 



-180® 

0® 

1 

27 



-180® 

0® 

2 

28 

I 

1 

-180® 

0® 

3 


ReroarKs 

Incomplete data 
Repeat of Run 1 
No useful data 

Repeat of Run 3 


Incomplete data 
Repeat of Run 9 


Additional and probes 
added for this and following 
runs 

No heat transfer data 
Repeat of Run 22 


Repeat of Run 25 without 
additional probes 
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Table or 

TEST CONDITIONS 


RUNNO. 

1 

2 

4 

5 

6 

7 

8 

9 

o 

-4.500E+01 

-4.5G0E+01 

— 4.SG0E4-01 

-4.500E+01 

-1.500E+01 

-1.500E+01 

-1.500E+01 

-9.000E+01 

4^ 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9 

C.O 

0.0 

0.0 

0.0 

0*0 

0.0 

0.0 

0.0 

M. 

3.973E+00 

3. 98 BE +00 

5.500E+00 

5. 5 52 E +00 

4.069E+G0 

5.454E+00 

5.472E+00 

4.030E+00 

PQ 

3.850E+G3 

3.823E+03 

1 .66BE-r03 

4.910E+02 

3 .93 8 El-03 

1.590E+G3 

5. 195 E +02 

3.761E+03 

Ho 

2.454E+07 

2 .444E+07 

4.3B1E+07 

4.446E+07 

2.578E+07 

4.393E+G7 

4.389E+07 

2.512E+07 

To 

3.619E+03 

3,603E^03 

5.fil5E*G3 

5.822E+03 

3.777E+03 

5.839E+03 

5.776E+03 

3.691E+03 

Moe 

1.537E4-01 

1.525E+01 

1.5a9E+01 

1.773E+01 

1.529E+01 

1.517E+G1 

1.778E+01 

1.533E+01 

Uqq 

6.923E+03 

6.906E+03 

9.248E*03 

9.343E+03 

7.096E+03 

9.2616+03 

9.283E+03 

7.004E+03 

Too 

8.441E+01 

8,533E*01 

1.542E^02 

1.154E+02 

8 .960E+01 

1.549E+G2 

1.133E+02 

8 .6806+01 

Poo 

4-022E-03 

4.216E-03 

1.240E-G3 

1.2G2E-04 

4.159E-03 

1.1696-03 

1.265E-04 

3.94ie-K)3 

Poo 

6.655t-01 

6.871E-01 

2.003E-01 

2.648E-02 

6.810E-01 

1 .887E-01 

2.802E-02 

6.4916-01 

poo 

3.999E-06 

4.148E-06 

6.746E-07 

8.737E-08 

3.895E-G5 

6.336E— 07 

9.365E-0S 

3.611E-06 

Moe 

7. lOOE-08 

7.178E-08 

1 .292E-07 

9.708E-08 

7.537E-08 

1.298E-07 

9.532E-08 

7.3026-08 

RE/FT. 

3.699E^05 

3.990E+05 

4.828E‘*^04 

8*409E+03 

3.667E+05 

4.521E+04 

9.121E+03 

3.656E-I05 

P’o 

I.240E«00 

1.28GE+00 

3.780E-01 

4.998E-02 

1.270E+00 

3.560E— 01 

5.288E-G2 

1 .2106+00 

T* 

2.077E+03 

2.067E+03 

2.733E+03 

2.559E+03 

2.155E+03 

2.764E+03 

2.571E+03 

2. 1126+03 

P‘ 

9.44 2E -07 

9.417E-07 

1.106E-G6 

1.066E-06 

9.649E-07 

1.113E-06 

1.069E-06 

9. 5356-07 

Vc* 

7.352E-01 

7.358E-01 

6.950E-01 

7.037E-01 

7.295E-01 

6,934E-01 

7.029E-01 

7.326E-01 


3.207E+06 

3.189E+G6 

3.195E+06 

3. 207E+06 

3.21 9E +06 

3.225E+06 

3. 2286+06 

3.204E+06 


5. 340E *02 

5.310E>K)2 

5.320E4-O2 

5.340E+02 

5.360E+02 

5.370E+02 

5.375E+02 

5.335E+02 


1.934E-04 

9.670E-05 

7.736E-05 

5.802E-O5 

7.736E-05 

7.736E-05 

5.802E-05 

1.160E-04 

"®S 

2.887E+03 

2.994E+03 

5.494E+02 

7.481E+01 

2.816E+03 

5.136E+02 

7.94BE+01 

2.754E+03 

Pq''P4 

1.073E+00 

l-OSSE+OO 

1.051E+00 

1.014E+0C 

1.030E+00 

l.QllE+00 

1.112E+00 

1.0096+00 

U “f- 

% 

1.879E4'01 

1.901E+01 

2.099E+GI 

7.727E+00 

2.01BE«01 

2.052E+CI 

7.844E+00 

1.906E+01 

h 

2.20AE-02 

2.239E-02 

1.294E-02 

4.688E-03 

2.238E-02 

1 .2626-02 

4.829E-03 

2.179E-02 


2.475E-02 

2.430E-02 

6.445E-02 

1.785E-01 

2.51TE-02 

6.634E-02 

1.726E-01 

2.537E-02 



Table ISt 

TEST CONDITIONS (Cent.) 


RUN MO. 10 

11 

12 

13 

14 

15 

16 

17 

a 

-9o000E+Ql 

-9.000E+01 

“9.000E+01 

-9.000E+01 

-9.000E+01 

-3.000E+01 

-4.5G0E+01 

-4.500E+01 


0.0 

OoO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O 

0.0 

0.0 

0.0 

0*0 

9.000E+01 

0.0 

0.0 

0.0 

M. 

1 

5.493E+00 

4.074E+00 

5.378E+00 

5.549E+00 

5.394E+00 

4.028E+00 

5.442E+0G 

5.570E+00 

Po 

1.70 IE +03 

3.970E+03 

4.345E+02 

5.092E+02 

5.130E+02 

3.642E+03 

1.507E+O3 

5.559E+02 


4.933E+07 

2.5S9E+07 

4.280E+07 

4.472 E+07 

4.273E+07 

2.523E+07 

4.391E+07 

4. 56 5 E+07 

To 

5.B79E*Q3 

3.791E+03 

5.673E+03 

5-853E+03 

3.661E+03 

3.7076+03 

5.840E+03 

5.954E+03 

lUloo 

1,31 5E +01 

1.528E+01 

1.786E+01 

1.771E+01 

1.787E+01 

1. 5326+01 

1.516E+01 

1.764E+01 

Uoe 

9.303E+03 

7.111E+03 

9.168E+03 

9. 370 E +03 

9.161E+03 

7.02GE+03 

9.259E+03 

9.467E+03 

Too 

1.&68E+02 

9.004E+01 

1 . 096E+02 

1.164E+02 

1.093E+02 

8.726E+G1 

1.550E+02 

1.197E+02 

Poe 

l.255EH>3 

4.194EH)3 

1.051E-04 

1.250E-04 

1.239E-04 

3.814E-03 

1.112E-03 

1.373E-04 

qoo 

2.019E-0X 

6.863E-OI 

2.348E-02 

2.748E-02 

2.772E-02 

4.276E-0I 

1.791E-01 

2.996E-02 

^oo 

6.718E-07 

3.909E-06 

8 .046E-08 

9.014E-08 

9.514E-08 

3.668E-06 

6.018E-07 

9.627E-08 

Mob 

1.313E-07 

7.575E-08 

9.221E*08 

9.709E-O0 

9.194E-08 

7.340E-08 

1.299E-G7 

1.006E-07 

RE/FT. 

4.759E+G4 

3.670E+05 

8.000E+03 

8.629E+03 

9.480E+03 

3.508E+05 

4.290E+04 

9.056E+03 

P'o 

3.810E-01 

1,280E+0G 

4.428E-02 

5.18BE-02 

5.228E-02 

1.170E+00 

3.3B0E-01 

5.657E-02 

T* 

2.766E+03 

2.162E+03 

2.573E+03 

2.574E+03 

2.35 9E+03 

2.120E+03 

2.770E+03 

2.610E+03 

M' 

1.114E-06 

9.668E-07 

1.069E-04 

1.069E-06 

1.066E-06 

9.558E-G7 

1.115E-06 

1.G78E-06 


6.934E-G1 

7.29GE-01 

7.028E-01 

7.028E-GI 

7.036E-O1 

7.320E-01 

6.931E-01 

7.008E-01 


3.219E+06 

3.222E+06 

3.237E+06 

3.219E+06 

3.225E+06 

3.213E+06 

3.231E+06 

3.243E+06 

T« 

S.360E+02 

5.36&E+02 

5.390E+02 

5.360E+G2 

5.370E+02 

5.350E+02 

5.38OE+02 

5.400E+02 


7.736E-G5 

9.670E-05 

7.736E-05 

9.670E-05 

9.670E-05 

1.160E-04 

1.160E-D4 

7.736E-05 


5.467E+02 

2.827E+03 

6.743E+01 

7.716E+01 

7.991E+01 

2.650E+03 

4.S72E+02 

8.258E+01 


1. G62E+00 

1.035E+00 

9.7ieE-Ql 

1.053E+00 

I • 139E +00 

9.T86E-01 

9.631E-01 

1.138E+00 


2.143E+01 

2.036E+01 

7.013E+QG 

7.924E+00 

7.58 lE+00 

1. 8856 +01 

2.0G4E+G1 

8.497E+0G 


1.304EHJ2 

2.248E-02 

4.436E-03 

4.778E-03 

4.802E-03 

2.143E-02 

1.233E-02 

5.015E-03 

Cr 

6.488E-02 

2.514E-02 

1.869E-01 

1.759F-01 

1.7136-01 

2.5S7E-02 

6.879E-02 

1.711E-01 


Table HT 

TEST CONDITIONS (Cont.) 


RUN NO. 

18 

19 

20 

21 

23 

24 

25 

26 

a 

— 4*5O0E+0i 

-1.350E+02 

“1.350E+02 

-1.800E+02 

-1 .350E+02 

-1.350E+02 

-l.eOOE+02 

-1.800E+02 


0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

4.5G0E+G1 

0,0 

0.0 

0.0 

4.500E+01 

9.G00E+01 

0.0 

0.0 

Mj 

5. 565E+00 

5 • 502 E +00 

5. 542 E +00 

5.448E+G0 

5.567E+00 

5.543E+00 

5.497E+00 

4,0956+00 


5*350E^02 

1.690E+G3 

5.372E+02 

1.626E+03 

5.264E+02 

5.086E+02 

1.685E+03 

4.0676+03 


A-.573E+07 

4.46 IE +07 

4. 52 5 E+ 07 

4,445 E+07 

4.592E+G7 

4.589E+07 

4.4706+07 

2.655F+G7 

o 

5.965E-f03 

5.91GE+03 

5.916E+03 

5.903E+03 

5. 98 5 E +03 

5.9886+03 

5.9216+03 

3.8786+03 

0 

IV) oe 

1*763E+01 

l,513E+0l 

1.767E+01 

1.514E+01 

1.762E+G1 

1.762E+01 

1.5l?'+01 

1.5256+01 

(Job 

9.475E+03 

9.332E+03 

9.426E+03 

9.315E+03 

9.494E+03 

9.491E+03 

9.341E+03 

7. 2006+03 

Too 

1.201E *02 

1.583E+02 

l.ie3E<02 

1.574E+02 

1.2G7E+02 

1.207E+02 

1.585E+02 

9.276E+01 

Poo 

1.324E-04 

1.252E-03 

1 . 323E'^04 

1.201E-03 

1.304E-04 

1.260E-G4 

1.245E-Q3 

4.3106-03 

Poe 

2.884F-G2 

2,008E-G1 

2.896E-02 

1.929E-^1 

2.837E-02 

2.741E-G2 

1.997E-01 

7.02GE-01 

Poo 

9.253E-08 

6.640E-0? 

9.387E-08 

6.400E-O7 

9.063E-08 

8.764E-08 

6.592E-07 

3.9006-06 

^oo 

1.009E-07 

1.325EHJ7 

9 .944E-08 

1.31 a £-07 

1.015E-G7 

1.015E-07 

1.3286-07 

7.804E-0B 

BE/FT. 

8.6R5E+03 

4-675E+04 

8 ,89eE+03 

4-522E+04 

a.476E+03 

8.199E+03 

4.638E+04 

3.5986+05 

P'n 

5.44PE-02 

3,790E-G1 

5.467E-02 

3.640E-01 

5.358E-02 

5.178E-02 

3.7706-01 

1.3106+00 

O 

T* 

2*617E-f03 

2.777E+03 

2.604E+03 

2.797E+03 

2.625E+03 

2.635E+03 

2.T84E+03 

2.207E+03 

u' 

1.079E-06 

1.116E-G6 

1.G76E-06 

1.121E-06 

1.081E-06 

1.084E-06 

1. 1186-06 

9.784M7 

ylT‘ 

7.0G4E-01 

6.929E-01 

7.011E-01 

6.91RE-01 

7.000E-G1 

6.994E-01 

6.925E-01 

7. 2596-01 


3* 2496^06 

3.225E+06 

3.243E+06 

3.249E+06 

3.25 5E +06 

3.267E+06 

3.231E+06 

3.249E+06 

w 

T«u 

5.410E+02 

5.37GE+02 

5.400E+02 

6.410E+02 

5.420E+02 

5.440E+02 

5.380E+02 

5. 4106+02 

wv 

p*. 

1.160E-04 

l,354E-04 

5.8GZE-05 

7.736F-05 

5. 802E-G5 

1.354E-04 

1.3546-04 

7.736E-G5 

Is 

Re 

7.933E+01 

5.406E+G2 

8.030E+01 

5.185E+02 

7.772E+01 

7.498E+01 

5. 3676+02 

2.821E+03 

s 

P«/Pa 

1.G98E+00 

1.05 IE +00 

1.114E+00 

1.037E+00 

1.079E+00 

1.054E+G0 

1 .0506+00 

1. 0466+00 

0 

8.36aE-«>Q0 

2.157E+01 

8.279E+G0 

2.1Q9E+01 

a . 345 E +00 

8.219E+00 

2. 1556+01 

2.1216+01 

h„ 

4.929E^3 

1.304E-O2 

4.932E-03 

1.2816-02 

4.896E-03 

4.826E-03 

1.301E-02 

2.2786-02 

o 

1.748E-GI 

6.543E-02 

1.733E-01 

6.690E-02 

1.769E-01 

1.804E-01 

6.5686-02 

2.5226-02 



Table IS 

TEST CONDITIONS (Concl.) 


RUN NO. 

27 

28 

a 

-1.800E+G2 

-X. 8008+02 


0.0 

O.Q 

0 

0.0 

0*0 

M. 

5o487F+00 

5*45lt+OG 

Pq 

5.409E+02 

Xo596E+03 


4.510E+07 

4.462E+07 

\ 

5*9l2E+03 

5.9456+03 

Moo 

1.768E+01 

X.5XXE+0X 

(Joe 

9.AG9E+03 

9.3536+03 

Too 

1.177E+02 

X. 593 6+0 2 

Poo 

l*332E-04 

X-183E-03 

Poe 

2.918E-02 

X. 8946 -01 

Pno 

9,493E-08 

ft.2346-07 

Moo 

9,899E-08 

X. 3346-07 

RB/FT. 

9o029E*G3 

4.3726+04 

P‘o 

5.&1GE-02 

3.575E-01 

T* 

2.624E+03 

2.8X5E+03 


loOeiE-06 

X.X256-06 


7.G0OE-01 

A.909E-0X 


3o267E+06 

3.26X6+06 


5,490E-*-02 

5-4306+02 

'’ts 

7o736E-05 

5.8026-05 


e.073E^01 

5.0526+02 


X. 150E+00 

1-0X66+00 

% 

8.297E+00 

2.1X36+01 

ho 

4.964E-03 

1.2726-02 


X.728E-GX 

6,7836-02 


33 



Table IT 
PRESSURE D 


RUN 

GAGE 

P 

S 

P</P'o 

RUN 

1 

1 

5.286E-03 

1.8991-03 

4. 2o 31-03 

4 

1 

2 

7.464E-03 

5.172E“03 

6.0201-03 

4 

1 

3 

4.145E-03 

1.R55E-G4 

3.3431-03 


1 

4 

5.684t-03 

2,497E-Q3 

4.5841-03 

5 

1 

5 

3.445E-03 

2.l3eE-03 

4.3911-03 

5 

1 

6 

4- 76 IE -03 

1.1101-03 

3.8391-03 

5 

X 

6 

1.133E-02 

1.0 991 -02 

9.140E-03 

5 

1 

9 

4*643E-01 

6.9161-01 

3.744E-01 

5 

1 

10 

6.444E-01 

8,1191-01 

4.39GE-01 

5 

1 

11 

5. 0291 -01 

7.4961-01 

4.056E-01 

5 

1 

12 

5.099E-01 

7.6021-01 

4.1131-01 

5 

s 

2 

1 

5.649E-03 

2.0831-03 

4.4131-03 

J 

5 

2 

2 

3*7991-03 

-6.071E-04 

2.9681-03 


2 

3 

6.875E-03 

3.8701-03 

5.371E-03 

6 

2 

4 

6,923T-03 

3.9401-03 

5.‘.09E-03 

6 

2 

5 

3. 786 E -03 

—6 . 2 641 —04 

2.958E-03 

6 

2 

6 

2.342E-03 

-2.7271^3 

1.3301-03 

6 

2 

9 

5,2821-01 

7.6271-01 

4.127E-01 

6 

2 

10 

5,727E-01 

8.2741-01 

4.4741-01 

6 

2 

n 

5.P74E-01 

e.4f 81-01 

4. 5891-01 

6 

2 

12 

6.302E-01 

9.111E-01 

4.923E-01 

6 

2 

13 

8.294EK)1 

l.ZOlE'i'OO 

6.4601-01 

6 

A 

1 

l*469E-03 

1.1441-03 

3. 3 361-03 

o 

6 

4 

2 

2.706E-O3 

7.3201-03 

7.1591-03 

6 

4 

3 

3,3441-03 

1.0501-02 

8.8461-03 


4 

4 

2.5711-03 

6 .64*^1—03 

6. 8011-03 

7 

4 

3 

2,280E-03 

5.194E-03 

6.0 331-03 

7 

4 

6 

1.3251-0 3 

4.283E-04 

3.5076-03 

7 

4 

8 

5,8991-03 

2.3261-02 

1.5611-02 

7 

4 

9 

1,5871-01 

7,8591-01 

4.1981-01 

7 

4 

10 

1,6091-01 

7.9671-01 

4. 2561— 01 

7 

4 

11 

1,7861-01 

8.6511-01 

4.7241-01 

7 


7 


GAGE 

P 


Pb'P'o 

12 

1.7591-01 

8.7201-01 

4.6551-01 

13 

2. 6981-01 

1 • 3401*00 

7*1371-01 

1 

1.6591-04 

2.4811-03 

3.7201-03 

2 

1.6781-04 

1.7981-03 

3.3571-03 

3 

2.1911-04 

3.7351-03 

4. 3841—03 

5 

1. 2051 -04 

1.1771-05 

2.4111-03 

8 

7.730E-O4 

2.4651-02 

1.5471-02 

9 

2.3851-02 

8. 9601-01 

4.7721-01 

10 

2.3G0E-t*2 

e. 6401-01 

4.6021-01 

11 

2.4021-02 

9.0251-01 

4.3061-01 

12 

2.551E-02 

9.589E-G1 

5.1051-01 

13 

4.2511-02 

1.6011*00 

8.5051-01 

1 

1.250EH)2 

1.2261-02 

9.8461-03 

2 

7. 0551 -03 

4.2521-03 

5.5551-03 

3 

8.412E-03 

6.2461-03 

6.6241-03 

4 

7.207E-03 

4.4771-03 

5. 6751-03 

5 

5.3261-03 

1.7151-03 

4. 1941-03 

6 

3.647E-03 

-7.5191-04 

2.8711-03 

B 

1.6921-03 

-3.6231-03 

1.3321-03 

9 

2.3401-02 

2.8261-02 

1.3431-02 

10 

2.3381-02 

2.8221-02 

1.8411-02 

11 

2.4241-02 

2.9481-02 

1.908E-G2 

I? 

3.8381-02 

5.0261-02 

3.0221-02 

13 

3.7331-01 

5.4211-01 

2.9401-01 

1 

4.6171-03 

1.8271-02 

1.2971-02 

2 

1.4881-03 

1.686E-03 

4,1791-03 

3 

2.321E-03 

6.1021-03 

6.5191-03 

4 

1.9991-03 

4.3981-03 

5.6161-03 

5 

1.437E-03 

1.4171-03 

4.0361—03 

6 

6.9801-04 

-2.4981-03 

1.9611-03 

8 

2.5971-04 

-4.6221-03 

7.29SE-04 

9 

1.2791-02 

6.158E-02 

3.5921-02 



Table IT 

PRESSURE DATA (ConU 


RUN 

GAGE 

P 


Po'Po 

7 

10 

1.300E-02 

6.272E-02 

3,653E-02 

7 

11 

1.521E-02 

7.A4OE-02 

4.272E-Q2 

7 

12 

2.239E-02 

ia25E-0l 

6.289E-02 

7 

13 

1.062E-01 

5.565E-01 

2*982E-01 

8 

1 

l#273E-G3 

4 .090E-02 

2.407E-02 

8 

3 

A.173E-OA 

1.038E-02 

7.893E-G3 

8 

5 

2.4A6E-0A 

4,214E-03 

4.625E-03 

8 

9 

1.937E-03 

6.459E-G2 

3*663E-02 

3 

10 

1,908E-03 

6.357E-02 

3.608E-02 

a 

11 

2.389E-03 

8^075E-02 

4»5l9E-02 

8 

12 

3* 340E—03 

1.147E-01 

6.318E-02 

8 

13 

l,767E-02 

6.260E-01 

3.342E-01 

9 

1 

l,A36E-02 

1 . 605E-02 

1*187E-G2 

9 

2 

1,202E-0 2 

1.244E-02 

9.933E-03 

9 

3 

1.527E-02 

1.745E-G2 

1-262E-02 

9 

A 

1»144E”02 

1.156E-D2 

9.457E-03 

9 

5 

7.332E-03 

5*223E-03 

6.059E-03 

9 

6 

5.275E-03 

2.055E-03 

4.360E-03 

9 

8 

5.756E-01 

8.807E-01 

4*737E-01 

9 

9 

1.183E+00 

1.817E+00 

9.779E-01 

9 

10 

l,213E+OG 

1.863E+00 

l.OOBE'fOO 

9 

11 

1.196E40 0 

1.836E+00 

9,e84E-01 

9 

12 

1.25AE+00 

1.926E+00 

1.037E+00 

9 

13 

9,129E-0l 

l.AOOE^OO 

7.545E-01 

10 

4 

A.647E-03 

1.68GE-02 

1.220E-02 

10 

6 

3.017E-03 

8.727E-03 

7.919E-03 

10 

8 

1.725E-K)1 

e.484E-01 

4,528E-01 

10 

9 

3.652E-01 

1.803E+00 

9.587E-01 

10 

10 

3.632t-0l 

1.793E+00 

9.533E-01 

10 

11 

3.802E-O1 

l*877E+00 

9.980E-01 

10 

12 

3.77AE-01 

1.883E-K00 

9.905E-G1 

10 

13 

2. 302 £-01 

1.134E^Q0 

6« Q^tA'E— 01 


RUN 

GAGE 

P 

s 

Popp'd 

11 

1 

1.653E-02 

1.797E-02 

1*291E*02 

11 

2 

U811E-02 

2.028E-02 

1.415E-02 

11 

3 

1.775E-G2 

1.976E-02 

1. 387E-02 

11 

4 

1.801E-02 

2.013E-02 

1.407E-02 

11 

5 

l,312E-02 

1.300E-02 

1.025E-02 

11 

6 

9.781E-03 

8.142E-03 

7.642E-03 

11 

8 

6. 15TE-01 

8.911E-01 

4.811E-01 

li 

9 

l,27GE*0O 

l.KAAE'i^OO 

9.921E-01 

11 

10 

1-292E400 

l.876E^00 

1.009E+00 

11 

11 

1.242E+00 

1.803E«00 

9,70GE-01 

11 

12 

1.379E+00 

2.0G3E+00 

1.077E+00 

11 

13 

9*651E-01 

1.400E<i^O0 

7.540E-01 

12 

2 

3.991E-04 

l,252E-02 

9,013EHJ3 

12 

3 

3.895E-04 

1.211E-02 

8*795E-03 

12 

5 

3.556E-04 

1.067E-02 

8.031E-03 

12 

6 

3.390E-04 

9.960E-03 

7.656E-03 

12 

8 

1.660E-02 

7.G25E-01 

3.749E-01 

12 

9 

4.345E-02 

1.84&E<i-00 

9.813E-01 

12 

10 

3.707E-02 

1*574E<‘00 

8.37IE-01 

12 

11 

4.158E-02 

1,766E*00 

9.390E-01 

12 

12 

4*553E-02 

1.934E+0G 

1.028E400 

12 

13 

4.076E-0 2 

1.731E+00 

9.205E-01 

13 

1 

4*449E-04 

i.l64E-02 

8.575E-03 

13 

2 

4»232E*<I4 

l.oe5E-02 

8*l58E-03 

13 

3 

4«428E— 04 

1.156E-G2 

8.538E-03 

13 

4 

4«664E“G4 

1.242E-02 

8.99GE-03 

13 

5 

4.070E-04 

1.026E-02 

7.846E-03 

13 

6 

4.167E-04 

l,G61E-02 

8.032E-D3 

13 

8 

1.294E-02 

4.662E-01 

2.494E-GI 

13 

9 

5.179E-02 

1.880E1-00 

9*982E-01 

13 

10 

5.045E-02 

I.831E+00 

9.725E-01 

13 

11 

5,005E-02 

I.BITE^OO 

9.649E-01 



TablelC 

PRESSURE DATA (Cont.) 


RUN 

GAGE 

P 


e 

a 

RUN 

GAGE 

13 

12 

5.089E-02 

1.847E+00 

9.310E-01 

16 

9 

13 

13 

4.891E-02 

1.775E+00 

9.428E-01 

16 

10 






16 

11 

14 

1 

3.203E-03 

l.lllE-01 

6. 12eE-02 

16 

12 

14 

2 

3.514E-03 

1.223E-G1 

6.721fc-G2 

16 

13 

14 

4 

3.671E-03 

1.351E-G1 

7.404E-02 



14 

5 

3.729E-03 

1.300E-G1 

7.133E-02 

17 

3 

14 

6 

2.513E-G3 

&.61BE-02 

4.B08E-02 

17 

5 

14 

8 

6.976E-03 

2.471 E-01 

1.334E-01 

17 

6 

14 

9 ' 

4.223E-03 

1.47PE-01 

8.077E-02 

17 

6 

14 

10 

5.037E-G3 

1.772E-G1 

9.634E-02 

17 

9 

14 

11 

4.287E-03 

1.501E-01 

8.199E-02 

17 

10 

14 

12 

4.280E-03 

1.499 E-01 

8.187E-02 

17 

11 

14 

13 

3.232E-03 

l.l^lE*-©! 

6.181E-02 

17 

12 






17 

13 

15 

1 

6. 13 0E— 03 

6.876E-03 

6.949E-03 



15 

2 

5.228E-03 

2.253E-03 

4.466E-G3 

13 

3 

15 

3 

5.337E-03 

2.427E-03 

4.562E-03 

18 

5 

15 

4 

4. 171E-0 3 

5.686E-04 

3.565E-03 

18 

6 

15 

5 

5.196E-G3 

2.201E-03 

4.441E— 03 

18 

9 

15 

6 

3.61 5E -03 

-3.163E-G4 

3.0906-03 

18 

10 

15 

8 

2.335E-02 

3.U2E-02 

1.996E-02 

18 

11 

15 

9 

3.784E-01 

5.96SE-01 

3.234E-01 

18 

12 

15 

10 

2.531E-01 

3.972E-01 

2.164E-01 

18 

13 

15 

11 

2 . 376E-01 

3. 72 6 E-01 

2.031E-01 



15 

12 

2.565E-01 

4.G26E-G1 

2.193E-01 

19 

1 

15 

13 

6.295E-01 

9.969E-01 

5 -36 I £-01 

19 

2 






19 

3 

16 

1 

2.601E-03 

8.317E-03 

7.697E-03 

19 

4 

16 

2 

1.981E-03 

4. 654E— 03 

5.862E-03 

19 

5 

16 

3 

2.574E-03 

8.166E-03 

7.617E-03 

19 

6 

16 

4 

2.184E-03 

5.9ti6E-03 

6.461E-03 

19 

7 

16 

5 

2.367E-03 

7.007E-03 

7.002E-03 

19 

8 

16 

6 

1.971E-03 

4.f.00E-G3 

5.633E-03 

19 

9 

16 

6 

9.b60E-O3 

4. 684E— 02 

2.917E-02 

19 

ID 


P 


1.517E-01 
1.5B 2E-01 
1,462E-01 
1.63&E-01 
2.505EH51 

2.635E-<J4 

1.6Q9E-04 

1.655E-04 

1,027E-<13 

2.408E-02 

2.351E-02 

2,022E-02 

2.611E-02 

4.225E-02 

2.960E-04 

2.402E-04 

8.609E-04 

1.615E-02 

l,677E-02 

1.542E-02 

1.564E-02 

2.890E-02 

2.129E-03 
l*951E-03 
2*118E-03 
2.Q26E-03 
2.572E-03 
1.3G3E-03 
2.025E-01 
3*640E-01 
1.68 3E-01 
1.686E-01 


8.404E-01 

8.772E-01 

8.102E-01 

9.064E-01 

1.392E<*^0C 

4.214E-03 
1.088E-03 
9.425E-04 
2.971E-02 
7.993E-01 
7.802E-01 
6. 705E“01 
8.670E-01 
1.4G6E+00 

5.673E-03 

3.736E-03 

2.525E-02 

5.555E-01 

3.767E-01 

3.301E-01 

3.378E-01 

9.973E«0l 

4.365E-03 
3.482E-03 
4.315E-03 
3.863E-03 
6 . 576E-03 
2.555E-04 
1 .003E+00 
1.607E+0G 
8.322E-01 
8.343E-01 


**o^Po 

4^ 87E-G1 
4.682E-01 
4.327E-01 
4.837E-01 
7.412E-01 

4.656E-03 

3.003E-03 

2.926E-03 

1.816E-02 

4.256E-0X 

4.156E-01 

3.875E-C1 

4.615E-01 

7.4688-01 

5.434E-03 

4.408E-03 

1.580E-02 

2.965E-01 

3.078E-01 

2.631E-01 

2.872E-01 

5.303E-01 

3.616E-03 

3.149E-03 

5.590E-03 

5.351E-G3 

6.788E-03 

3.439E-03 

5.344E-01 

9.6G5E-01 

4.442E-01 

4.453E-01 



Table ISr 

PRESSURE DATA (Cent.) 


RUN 

GAGE 

';p' 


Po'P'o 

RUN 

GAGE 

P 

s 

Po'P'o 

19 

11 

1^911 E-01 

9-45&E-G1 

5.042E-01 

23 

13 

4.243E-03 

1.4506-01 

7.920E-02 

19 

12 

8.890E-O2 

4.366E— 01 

2.346E-Q1 






19 

13 

5.5^7E-02 

2.T10E-01 

1.469E-01 

24 

1 

1.166E-03 

3.794E-02 

2.252E-02 






24 

2 

1.913E-03 

6.519E-02 

3.695E-02 

20 

7 

2*579E"02 

8.859E-01 

4.716E— 01 

24 

3 

2<,lO5E-03 

7.219E-G2 

4.066E-02 

20 

8 

5.476E-02 

1 • 886E4'00 

1.002E+00 

24 

4 

1.764E-03 

5 .977E-02 

3.408E— 02 

20 

9 

2.742E-02 

9.424E-01 

5.U16E-01 

24 

5 

1.69 IE-03 

5. 7106-02 

3.266E-02 

20 

10 

3.10SE-O2 

1.066E>00 

5.680E-01 

24 

6 

2. 9941? -03 

1.046E-01 

5*7836-02 

20 

ll 

2.366E-02 

8.124E-G1 

4.327E-01 

24 

7 

2.579E-02 

9.361E-01 

4. 9816-01 

20 

12 

2.A44E-G2 

7.358E-01 

3.921E-01 

24 

8 

1.705E-02 

6.172E-01 

3. 2926-01 

20 

13 

8.421E-03 

2.862E-K>1 

1.540E-01 

24 

9 

2.548E-03 

8.834E-02 

4.921E-02 






24 

10 

1.B69E-03 

6.358E-02 

3.6106-02 

21 

1 

2.293E-03 

5 .664E— 03 

6.3G0E-03J 

24 

11 

2.278E-03 

7.851E'02 

4.400E-02 

21 

2 

3* 58i6E“03 

1-237E-G2 

9.8526-03 

24 

12 

2.180E-03 

7.493E-02 

4.211E-02 

21 

3 

4.76 IE -03 

1.846E-02 

1.308E-02 

24 

13 

1.153E-03 

3.748E-02 

2.228E-02 

21 

A 

6.170E-03 

2.377E-02 

1.695E-02 






21 

5 

3.433E-03 

X.157E-02 

9.431E-03 

25 

1 

2.009E-03 

3. 8226-03 

5.328E-03 

21 

6 

1.0P3E-02 

4.993E-02 

2.976E-02 

25 

2 

3.178E-03 

9.675E-03 

8.A296-03 

21 

7 

3.395E-01 

1.754E+00 

9.327E-01 

25 

3 

4.249E-03 

1.504E-02 

1.X27E-02 

21 

8 

2.5I0E-O1 

1. 295 E +00 

6.896E-01 

25 

4 

5. 41 76 -03 

2.089E-02 

1.437E-02 

21 

9 

1.779E-02 

8.6G3E-02 

4.tiB8E— 1'02 

25 

5 

l.OOlE-02 

4.386E-02 

2.654E-02 

21 

10 

7.347E-G3 

3.187E-02 

2.018E-02 

25 

6 

9.412E-03 

4.089E-G2 

2.497E-02 

2! 

11 

5.693E-03 

2 .329E-02 

1.5641-02 

25 

7 

4.162E-01 

2.078E+G0 

I. 104E+00 

21 

12 

3.922E-03 

1.411E-02 

1.078E-02 

25 

8 

2.281E-01 

1.136E+00 

6.052E-01 

21 

13 

1.822E-03 

3.220E-03 

5»0G4E-03 

25 

9 

1.4G4E-02 

6.406E-02 

3.724E-02 






25 

10 

9.533E-03 

4.150E-02 

2.529E-02 

23 

2 

1.755E-04 

1.591E-03 

3.2766-03 

25 

11 

5.683E-03 

2.222E-02 

1.507E-02 

23 

5 

4.341E-04 

1.071E-02 

8 . 103E-O3 

25 

12 

3.9166-03 

1.33BE-C»2 

1.039E-02 

23 

6 

1.3e2E~04 

2.7A4E-04 

2.579E-G3 

25 

13 

1. 8396-03 

2.972E-03 

4.S7BE-03 

23 

7 

2.S63E-02 

1.006E+OG 

5.3446-01 






23 

8 

4.272E-*02 

1.501E+00 

7.973E-G1 

26 

1 

8.20OE-02. 

5. 5406-03 

6.260E-03 

23 

9 

1.713E-02 

5.992E-G1 

3.i97E-01 

26 

2 

1.348E-02 

1.307E-02 

1.029E-02 

23 

10 

1.911E-02 

6,693E-0l 

3.56aE-01 

26 

3 

1.779E-02 

1.920E-G2 

1.356E-02 

23 

11 

1.710E-G2 

5.981E-01 

3.191E-01 

26 

4 

2.238E-02 

2.574E-02 

1.7086-02 

23 

12 

1.461E-02 

5 .1051-01 

2.727E-01 

26 

5 

3.484E-02 

4.349E-02 

2.66GE-02 



Tabled 

PRESSURE DATA (Concl.) 


lUN 

GAGE 

P 

s 

26 

6 

6.899E-02 

9.214E-02 

26 

7 

1.461E+00 

2.076E+00 

26 

8 

9.069E-01 

1.286E*00 

26 

9 

4.613E-02 

5.957E-02 

26 

10 

3.468E-02 

4.326E-02 

26 

11 

2,115E-02 

2*398E-02 

26 

12 

1.469E-02 

1.478E-02 

26 

13 

6.010E-03 

2.421E-03 

27 

2 

3. 184E-04 

6.348E-03 

27 

3 

4.290E-04 

1.014E-K)2 

27 

4 

5.071E-04 

1.281E-02 

27 

5 

9.850E-O4 

2.919E-02 

27 

6 

3.876E-03 

1.282E-01 

27 

7 

4. 089E-O2 

1.396E-»-00 

27 

8 

3^649E-02 

1,246E-H)0 

27 

9 

1.402E-O3 

4.348E-02 

27 

10 

1.603E-03 

S.035E-02 

28 

1 

2.062E-03 

4*639E— G3 

28 

2 

3.262E-03 

1.G97E-02 

23 

3 

4.557E-03 

1.782E-02 

28 

4 

6.476E-03 

H.266E-02 

28 

7 

3^765E-01 

1.982E+00 

28 

P 

2.513E-01 

1,321E+00 

28 

9 

1.309E-02 

6.287E-02 

28 

10 

9.417E-03 

4,348E-02 

28 

11 

4.702E-03 

l*858E-02 

28 

12 

3.6G4E-03 

1.278E-02 

28 

13 

1.670E-03 

2.568E-03 


Po/P'o 

5.267E-02 

1.116E+00 

6.<)25E-01 

3.522E-02 

2.647E-02 

1.614E-02 

1.121E-02 

4.5P8E-03 

5,779E“G3 
7.786E-03 
9.203E-03 
1.78BE-02 
7.03A-6-02 
7,421fc-01 
6.623E-01 
2, 545E-02 
2-9G9E-02 

5.767E-03 
9, 124E-03 
1,275E~02 
l*832E-02 
1.053E+00 
7.029E-01 
3.661E-02 
2.634E-02 
1.315E-02 
1-008E-02 
4.671E-03 


fNi rvj 


Table St 

HEAT TflANSFER DATA 


tri 

VO 


RUN 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

i 

1 

1 

i 

1 

1 


GAGE 



*'r= 1.0 


^=.85 

Cu 

“r-.85 

2 

3.635E*01 

1*935E*0G 

4.265E-02 

4*7896-02 

5.155E-02 

5.7836-02 

3 

1.763E+0D 

9.386E-02 

2.069E-03 

2.323E-03 

2.500E-03 

2*8076-03 

6 

2.217E+01 

1.180E+00 

2*601E-02 

2.921E-02 

3.144E-02 

3*5306-02 

8 

1.571E+01 

8.361E-G1 

1.643E-02 

2*06<»E-02 

2.227E -02 

2.5G1E-02 

10 

1.484E+01 

7.899E-^1 

1.741E-02 

l*'»55E-02 

2.1046-02 

2.3636-02 

11 

1.52 2E'*01 

8. lOlE-Gl 

1.786E-02 

2.005E-02 

2.1586-02 

2 *4236-02 

12 

1. 544E+0 1 

8.220E-01 

1.822E-02 

2.034E-02 

2.190E-02 

2*4596-02 

13 

9.397E+0G 

5.002E*-01 

1*1036-02 

1.23BF-02 

1.332E-02 

1.496E-02 

14 

1.611E+00 

8.578E-02 

1 *8916-03 

2.123E-03 

2.285E-03 

2*5666—03 

16 

1.472E+01 

7.833EKH 

1.727E-02 

1.939E-02 

2.0876-02 

2*3436-02 

17 

1.546E+01 

8,228E“G1 

l*814E-02 

2.036E-02 

2.192E-02 

2.4616-02 

lb 

1.388E+01 

7.389E-01 

1.629E-02 

1.P29E-02 

1.9686-02 

2.2106-02 

20 

I.471E-HJ1 

7.833E-01 

1.726E-02 

l*938E-02 

2.0866-02 

2.343E-02 

21 

1 »3l4E +0 1 

6 •993E"^ 1 

1.541E-02 

l*731E-02 

1*8636-02 

2*0926-02 

22 

9.256E-WJ0 

4.92TE-0X 

1.086E-02 

1.219E-G2 

1.312E-02 

1.474E-02 

23 

1.853E+00 

9.fa63E-02 

2*1746-03 

2.441E-03 

2.627E-03 

2.950E-03 

24 

1.305E+01 

6.949E-01 

1.532E-02 

1.720E-02 

1.851E-02 

2.0786-02 

26 

1.271E+01 

6,766E-Ol 

1.491E-02 

1.674E-02 

1. 8026 -02 

2.024E-02 

27 

8.635E+00 

4.597E-GI 

1.013E-02 

1*1386-02 

1.224E-02 

1 .3756-02 

28 

1 .737fc*00 

9.247E-02 

2*0386-03 

2.2P8E-03 

2.4636-03 

2.7666-03 

29 

1.991E“01 

1.G60EK>2 

2*3366-04 

2.623E-04 

2.824E-04 

3.1706-04 

30 

1.299E+01 

6.916EHJ1 

1.524E-02 

l*711E-0? 

1.3426 -02 

2 .066E-02 

31 

1-292E+01 

6.876E-01 

l*5l6E-02 

1*7026-02 

1.832E-02 

2.0576-02 

32 

1.674F+00 

8.911E-02 

1*964E-03 

2*2056-03 

2.374E-03 

2 *6656—03 

34 

1.443E401 

7.679E-01 

1.693E-02 

1. 9006-02 

2.046E-02 

2.297E-02 

36 

1.671E+00 

8.365E-02 

1.844E-03 

2.070E-03 

2.2286-03 

2*5026-03 

39 

l,028E-N51 

6.471E-01 

1.206E-02 

1*3546-02 

1*4576-02 

1*6366-02 

40 

8.081E400 

4.302E-01 

9*4816-03 

1*0656-02 

1,1466-02 

1.2876-02 

41 

4.2&7E+00 

2.266E-GI 

4.994E-03 

5.6086-03 

6. 036b -03 

6.7776-03 

42 

1 •43'6E+00 

7*t>45E“02 

1.685E-03 

1.8926-03 

2.0366-03 

2,286E-03 

43 

1.50TE+O0 

8.020E-02 

1.768E-03 

1.985E-03 

2.1366-03 

2.3996-03 

2 

4.296E+01 

2. 260 E +00 

5.060E-02 

5.4926-02 

6.1156-02 

6*6366—02 

3 

1.806fc>00 

9.502E-02 

2.I27E-Q3 

2.3096-03 

2*6716-03 

2.790E-02 



Table 3ZL 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



•’r = 1.0 

= 1.0 

^>r=.8S 


2 

A 

2.912E+01 

1.532E400 

3.430E-02 

3.722E-02 

4.145E-02 

4.4988-02 

2 

5 

1,646E-K)0 

8.661E-02 

1.939E-G3 

2.104E-03 

2.343E—U3 

2.543E-03 

2 

6 

2*402E-H)l 

1.264E400 

2.829E-G2 

3.071E“d2 

3.419E-02 

3.7X18-02 

2 

8 

l,989E401 

1 • 047E+00 

2.343E-02 

2.543E-G2 

2,832E-02 

3,073E-O2 

2 

9 

2.1G7E+00 

1.109E-01 

2.462E-03 

2.694E-03 

3.000E-03 

3.255E-03 

2 

10 

1.55GE+01 

8.155E-01 

1.826B-02 

1.981E-G2 

2.207E-02 

2.3958-02 

2 

11 

1.639E+01 

&.624E-01 

1.931E~02 

2.G95E-02 

2.333E-G2 

2.532E-02 

2 

12 

1.607E+01 

8.451E-01 

1.892E-G2 

2.054E“02 

2,287E-G2 

2.482E-02 

2 

13 

1.060E401 

S.STBE-Ol 

1.24BE-02 

1.355E-G2 

1.5G8E-G2 

1.63TE-02 

2 

14 

1.676E+00 

8.816E-02 

1.974E-03 

2.142E-03 

2.385E-03 

2.5898-03 

2 

15 

5,038E-01 

2.650t-02 

5.934E-04 

6.439E-04 

7.171E-04 

7.7828-04 

2 

16 

1.61 2E 401 

8.479E-G1 

l.898E*-02 

2.06GE-Q2 

2.294E-02 

2,490F-02 

2 

17 

1.615E401 

8.495E-01 

1.902E-02 

2.064E-G2 

2.299E-02 

2.4958-02 

2 

18 

1.561E401 

8.211E-01 

1.839E-02 

1 ,9958-02 

2,222E-G2 

2.411E-02 

2 

19 

1.505E401 

7.916E-01 

1.772E-02 

1.923E-02 

2.142E-02 

2.3248-02 

2 

20 

1 .5938401 

8.379E-01 

1.876E--G2 

2.G36E-02 

2.267E-02 

2.460 E-0 2 

2 

21 

1.4198401 

7.466E-01 

1.672E~02 

l,814E-02 

2.020E-G2 

2,1928-02 

2 

22 

1.053E401 

5.537E-01 

1.240E-02 

1.345E-02 

1.498E-02 

l,626E-02 

2 

23 

1.68 IE 400 

8.841EH12 

1.980E-‘03 

2.148E-03 

2.392E-G3 

2.596E-03 

2 

24 

1.537E401 

8.G86E-01 

l.eiOE-02 

l,965E-02 

2.i88E-02 

2.374E-02 

2 

25 

4.690E-01 

2.467E-02 

5.524E-04 

5.994E-04 

6.675E -04 

7.2448-04 

2 

26 

1.438E401 

7.563E-01 

1.693E-02 

1.838E-02 

2.046E-02 

2.221E-02 

2 

27 

9.263E400 

4.873E~01 

1.091E-02 

1.184E-02 

1.319E-02 

l,43lE-02 

2 

28 

1.574E400 

8.278E-02 

1.853E-03 

2,0118-03 

2,240E-03 

2.431E-03 

2 

29 

1.707E-01 

8.979E--03 

2.010E-04 

2.1B2F-04 

2.429E-04 

2.6378-04 

2 

30 

1.703E4G1 

8.956E-01 

2.005E-02 

2.176F-02 

2. 4238-02 

2.630E-02 

2 

31 

1.456E401 

7.662E-01 

1.715E-02 

l,862E-02 

2.073E-G2 

2.250E-02 

2 

32 

1.684E400 

8.859E-02 

1.984E-03 

2.153E-03 

2.397E-G3 

2.601E-03 

2 

33 

6.163E-01 

3.242E-02 

7.26GE-04 

7,8788-04 

8 .7738-04 

9.5218-04 

2 

34 

1.483E401 

7.e03E-0l 

1.747E-02 

1.896E-02 

2,1118-02 

2.291E-02 

2 

35 

9. 770 E 400 

5.139E~01 

1.151E-02 

1.249E-G2 

1. 3918 -02 

1.509E-02 

2 

36 

1.559E400 

8.2G3E^2 

1.837E-03 

l,993E-03 

2,2198-03 

2 ,4098-03 

2 

38 

1.599E401 

8.412E-01 

1.884E-02 

2,044E-02 

2,2768-02 

2.^708-02 

2 

39 

1.202E401 

6.322E-01 

1.416E-02 

1.536E-02 

I.711E-G2 

1. 8568-02 

2 

40 

8.88GE4O0 

4.671E-01 

1.046E-02 

1.135F-02 

1,2648-02 

1.3728-02 



Table 5Z1 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



^r=1.0 

Ou 

"r=1.0 

**r=.85 

Cm 

"r = .85 

2 

41 

4.149E400 

2.183E-01 

4.887E-03 

5.303E-03 

5.906E-03 

O.409E-03 

2 

42 

l,O61E-KJ0 

5.5S3E-02 

1.250E-03 

1.357E-03 

1.511E-03 

1.639E-G3 

2 

43 

1.193E^OO 

6,276E-02 

1.4G5E-03 

1.525E-G3 

1.698E-03 

1.843E-03 

4 

2 

3.436E4^01 

1.637E*00 

2.117E-02 

1.055E-01 

2.526E-02 

1.259E-01 

4 

3 

1.695E400 

8.076E-02 

1-045E-G3 

5.205E-03 

1.246E-03 

6.210E-03 

4 

4 

2.974E-K)1 

l,417E+00 

1.833E-02 

9.131E-02 

2.186E-02 

1.089E-01 

4 

5 

a*797E-0X 

4,191E-02 

5-422E-G4 

2.7G1E-03 

6.466E-04 

3.223E-03 

4 

6 

2.323E<K>1 

1.107E+00 

1.432E-G2 

7.133E-02 

1.708E-02 

3.510E-02 

4 

7 

3.606E+0 1 

1.718£4>00 

2.223E-02 

l*I07E-0l 

2.652E-02 

1.321E-01 

4 

6 

K581E+01 

7.531E-01 

9.742E-03 

4,854E-02 

1.162E-02 

5.791E-02 

4 

9 

2*41 2E+00 

1*149E-01 

1.487E-03 

7.408E-03 

1.774E-03 

8.838E-03 

4 

10 

1,521E^01 

7.244E-01 

9.371E-03 

4*669E-02 

1.118E-G2 

5,570E-02 

4 

11 

1.4B5£-»01 

7.077E-01 

9.154E-03 

4.561E-02 

1.G92E-02 

5.441E-0“ 

4 

12 

1.455E+01 

6*931E-01 

8.966E-03 

4.467E-02 

1.070E-02 

5.3306 -i3 y 

4 

13 

9.34AE+00 

4.452E-01 

5.759E-03 

2-869E-02 

6.870E-03 

3*423E-nj>^ 

4 

14 

1.726E+00 

8.225E~02 

1.064E-03 

5.301E-G3 

1.269E-03 

6.325E-03 

4 

15 

1,984E-01 

9.454E-03 

1.223E-04 

6.093E-04 

1.459E-04 

7.269E-04 

4 

16 

1.563E401 

7*447E“01 

9.633E-03 

4.300E-02 

1.149E->02 

5.726E-02 

4 

17 

1.522E+01 

7.250E-01 

9.378E-03 

4.672E-02 

l*119E-02 

5,574E-02 

4 

16 

1,459E*01 

6*949E-01 

6-989E-G3 

4.479E-Q2 

1.072E-02 

5.343E-02 

4 

19 

1.463E+01 

6*970£-0l 

9.016E-03 

4.492E-02 

1.076E-02 

5.359E-02 

4 

20 

1.493E^01 

7.114E-GX 

9.2G2E-03 

4.585E-02 

1.098E-02 

5.470E-G2 

4 

21 

1.325E«>1 

6.312E-GI 

8.164E-03 

4.068E-02 

9.740E-03 

4.853E-02 

4 

22 

9.198E+00 

4.382E-G1 

5.669E-03 

2.824E-02 

6.763E-03 

3.370E-G2 

4 

23 

1.839E+GO 

8.763E-02 

1.134E-03 

5.64BE-03 

1.352E-03 

6. 738 E -0 3 

4 

24 

1.482E-K>1 

7.062E--01 

9.136E-03 

4.552E-02 

1.090E-02 

5.431E-02 

4 

25 

1.936E-01 

9.222E-03 

1.193E-04 

5.944E-04 

1.423E-04 

7.091E-04 

4 

26 

1.303E+01 

6.208E~01 

8.030E-03 

4. 00 IE -02 

9.580E-03 

4.773E-G2 

4 

27 

B,830E+00 

4.207E-01 

5.442E-03 

2.711E-02 

6.492E-G3 

3.235E-02 

4 

26 

1.944E+00 

9.2616-02 

1.198E-03 

5.969E-03 

1.429E-03 

7.121E-03 

4 

29 

1.236E-01 

5.887E-03 

7.615E-05 

3.794E-04 

9.085E-05 

4.526E-04 

4 

30 

1.408E+01 

6.710E-G1 

8 »680E— 03 

4.325E-02 

1.036E-02 

5.160E-02 

4 

31 

1.27DE+01 

6.050E-01 

7.826E-03 

3.899E-0? 

9.337E-03 

4-652E-02 

4 

32 

l*760E+00 

8.387E-G2 

1-085E-03 

5.405E-03 

1.294E-G3 

6.449E-03 



Table IZt 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



*'r= 1.0 

C|j 

”r= 1.0 

W=.85 

Cu 

”r = .85 

4 

33 

1.096E-01 

5.220E-O3 

6.752E-05 

3.364E-04 

8.056E-05 

4.014E-04 

4 

34 

1.405H+01 

6.694E-G1 

8.659E-03 

4,314E-02 

1.033E-02 

5.147E-02 

4 

35 

8.164E+00 

3.690E-G1 

5,031E-03 

2,507E-02 

6.003E-03 

2.991E-02 

4 

36 

l,6&5E+00 

b. 028 £-02 

1.039E-03 

5.174E-03 

1.239E-03 

6.173E-03 

4 

37 

2.148E-01 

1.024E-02 

1.324E-G4 

6.597E-G4 

1.580E-04 

7.870E-04 

4 

38 

1.369E+01 

6.522E-01 

8.437E-03 

4.204E-02 

1.007E-02 

5.015E-G2 

4 

39 

1.103E+01 

5*257E-01 

6.8GlE-03 

3*38BE-02 

e.ll3E-G3 

4.043 E-0 2 

4 

40 

8.074E+0G 

3.847E-01 

4.976E-03 

2,479E-02 

5.937E-03 

2.95BE-02 

4 

41 

3.9B0E+OG 

l.e96E-01 

2.453E-03 

1.222E-G2 

2.926E-G3 

1 .45BE-02 

4 

42 

1»618E*K)0 

7.711E-02 

9,975E-04 

4,970E-G3 

1.190E-03 

5.929E-03 

4 

43 

1,384E+0G 

6,594E-02 

8.529E-04 

4,2f OE-03 

1.018E-03 

5.070E-G3 

5 

2 

1.215E+01 

1.573E+00 

7.373E-G3 

2.808E-01 

8.795E-03 

3-349E-01 

5 

3 

3.693E-01 

4.7&0E-02 

2.24lfc-04 

8.533E-03 

2.673E-04 

1.01£E-02 

5 

4 

1.006E+01 

1.303E+00 

6.107E-03 

2.325E-01 

7.2S4E-03 

2.774 E-Gl 

5 

5 

2.526E-01 

3*269E-02 

1.533E-04 

5.836E-03 

1.828E-04 

6.961E-03 

5 

6 

7.741E+00 

1,002E+00 

4.697E-03 

1.788E-01 

5,602E-G3 

2.133E-01 

5 

7 

1.196E+01 

1.548E+00 

7.259E-03 

2.764E-01 

e*659E-03 

3.297E-01 

5 

8 

5,567E+00 

7*205E-G1 

3.378E-03 

1.286E-01 

4,029E-03 

1.534E-01 

5 

9 

7.211E-01 

9.333E-02 

4.375E-04 

1 •666E— 02 

5.219E-04 

1.987E-02 

•s 

10 

4,838E*O0 

6.261E-01 

2.935E-03 

1*118E-01 

3.501E-03 

1.333E-01 

5 

11 

4.931E+00 

6,382E-01 

2.992E-03 

1.139E-01 

3.569E-03 

1.359E-01 

5 

13 

3.056E+30 

3.955E-01 

l,B54E-03 

7.06U-02 

2.212E-03 

8.423E-02 

5 

14 

6,147E-01 

7-956E-02 

3.730E-04 

1.420E-02 

4#449E— 04 

1 .694E-02 

5 

15 

6.112E-02 

7.910E-03 

3. 70 8 E -05 

l*412E-03 

4.423E-05 

1.684E-03 

5 

16 

4,343E+00 

5,621E-01 

2.635E-03 

1.GG3E-G1 

3.143E-03 

1.197E-01 

5 

17 

4.701E+00 

6*0e4E-Gl 

2.B52E-03 

1.086E-01 

3.402E-03 

1.296 E-0 1 

5 

18 

3.826E+00 

4.952E-01 

2.322E-03 

8.840E-G2 

2.769E-03 

1.054 E-0 1 

5 

19 

4.311E+00 

5,5S0£-G1 

2.616E-03 

9.961E-02 

3* 120E-03 

I.IBBE-Ol 

5 

20 

4.450E-H)0 

5.759E-01 

2.70GE-03 

1.028E-G1 

3.221E-03 

1.226E-01 

5 

21 

3.816E+OG 

4.939E-01 

2.315E-03 

8.817E-G2 

2.762E-03 

1.052E-01 

5 

22 

2.857E+00 

3*697E-G1 

1-733E-03 

6.601E-02 

2.068E-03 

7.074E-O2 

5 

24 

4.331E-K)0 

5.6G5E-01 

2-628E-03 

l.GOlE-01 

3.134E-03 

1.194E-01 

5 

26 

4*191E+00 

5.424E-01 

2.543E-03 

9,684E-02 

3.034E-G3 

1.155E-01 

5 

27 

2,745E+0G 

3.553E-01 

1*666E— 03 

6.343E-02 

1.987E-03 

7. 566 E-0 2 


TablelZL 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



'’r=1.0 

o 

X 

II 

b 

‘*r=.8S 

C|j 

5 

28 

5*933E-01 

7.679E-02 

3.600E-04 

1.371E-02 

4.294E-04 

1.635 E-0 2 

5 

30 

4.183E+00 

5.4l3fc“Ol 

2.538E-03 

9.664E-02 

3.027E-03 

1.153E-01 

5 

31 

4.13 5E +00 

5.351E-01 

2.5G9E-03 

9.553E-02 

2.993E-03 

1.140E-01 

5 

3A 

4.345E+00 

5.623E-*0l 

2.636E-03 

1.004E-01 

3.145E-03 

1.198 E-Ol 

5 

35 

2.630E-fOO 

3.403E-01 

1.596E-03 

6.076E-02 

1.903E-03 

7.248E-02 

5 

36 

5.641E-01 

7.501E-02 

3.423E-04 

1.303E-G2 

4,083E-04 

1 .5 5 5 E-0 2 

!> 

38 

4.529E+00 

5.861E-01 

2.748E-G3 

1.046E-01 

3.278E-C3 

1.248E-01 

5 

39 

3.e24E«00 

4.949E-01 

2.320E-03 

8.834E— 02 

2.T67E-03 

1.054E-01 

5 

40 

2.727E-K)0 

3.529E-01 

1.654E-G3 

6«30GE-02 

1.973E-03 

7.515E-02 

6 

2 

3.262E«01 

1.616E«00 

3.6ieE-02 

4.069E-02 

4.366E-02 

4.911E-02 

6 

4 

2.087E+01 

1.034E+OG 

2.315E-02 

2.603E-02 

2.793E-02 

3.142E-02 

6 

5 

3.519E+00 

1.744E-01 

3.903E-03 

4. 390E-03 

4.711E-03 

5. 2 98 E-0 3 

6 

6 

1.195E+01 

5.923E-01 

1.326E-02 

1.491F-02 

1.600E-G2 

1.800E-02 

6 

7 

3.311E+01 

1.641E+0G 

3.6T3E-02 

4.131E-02 

4,432E-02 

4.985E-02 

6 

8 

7.033E*00 

3. 48 5E“0 1 

7.802E-03 

8.774E-03 

9.415E-03 

1.059E-02 

6 

9 

1.963E+00 

9.730E-02 

2.178E-03 

2.449E-03 

2.629E-G3 

2.956E-03 

6 

10 

4.808E+00 

2.383E-01 

5.333E-03 

5.998E-03 

6.437E-03 

7.239E-03 

6 

li 

3.676E+00 

1.821E-01 

4.077E-03 

4.S86E-03 

4.921E -03 

5.534E-03 

6 

12 

4.185E400 

2.074E-01 

4.643E-03 

5.222E-03 

5.6G3E-G3 

6.302E-03 

6 

13 

2«633E-i'00 

1.305E-01 

2.921E-03 

3.285E-03 

3.525E-03 

3.965E-03 

6 

14 

7.088E-01 

3.513E-02 

7.863E-04 

a,843E“04 

9.489E-04 

3.067E-03 

6 

16 

4*677E-iOO 

2.318E-01 

5.188E-03 

5.835E-G3 

6.261E-03 

7.041E-03 

6 

17 

4.324E+00 

2.143E-01 

4.796E-03 

5.394E-03 

5.788E-03 

6.510E-03 

6 

18 

3.956E+00 

1.960E-O1 

4.386E-03 

4.936E-03 

5.296E-G3 

5.956E-03 

6 

19 

3.412E-KJ0 

1.691E-01 

3.785E-03 

4.257E-G3 

4.568E-03 

5.138E-03 

6 

20 

4-148E+00 

2.055E-01 

4.601E-03 

5-175E-03 

5.553E-G3 

6.245E-03 

6 

21 

3.237E*00 

1.604E-01 

3.591E-03 

4.038E-03 

4.334E-03 

4.874E-03 

6 

22 

2,583E+OG 

1.28GE-G1 

2.865E~03 

3. 222E-03 

3.457E-G3 

3.888E-03 

6 

23 

9.4O0E-O1 

4.658E-G2 

1.043E-03 

U173E-03 

1.258E-03 

1.415E-03 

6 

24 

4.107E+00 

2. 035 E -01 

4.556E-03 

5. 124E-03 

5.499E-03 

6.184E-03 

6 

25 

3.975E-01 

1.970E-G2 

4.409E-04 

4.959E-04 

5. 32 IE -04 

5.985 E-04 

6 

26 

3,611E+(10 

1.790E-01 

4.0G6E-03 

4. 505E-G3 

4.834E-03 

5.437E-03 

6 

27 

2.412E*00 

1.195E-G1 

2.675E-03 

3.D09E-03 

3.229E-G3 

3.631E-03 

6 

28 

7.482E-01 

3.708E-02 

8.299E-04 

9.334E-04 

1.002E-G3 

1,126E-G3 



Tablem 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



N=1.0 

Cu 

= 1.0 

'^f = .85 

Gu 

"r = 85 

6 

29 

3.419E-01 

1.694E-02 

3.793E^4 

4.266E-04 

4.5T8E-04 

5 .148E-04 

6 

30 

4*028E^00 

1.996E-01 

4.468E-03 

5.025E-03 

5.393E-03 

6.065E-03 

6 

31 

3.729E+00 

1.848E-01 

4.137E-03 

4.653E-03 

4.993E-G3 

5.615E-03 

6 

32 

7.435E-<J1 

3.685E-02 

8.248E-04 

9. 276E-04 

9.954E~04 

1.119E-03 

6 

33 

5*995E-Ol 

2.971E-02 

6.650E-04 

7.479E-04 

8.025E-04 

9.026E-04 

6 

34 

4.G94E+00 

2.029E-GI 

4.542E-03 

5.108E-03 

5.481E-03 

6.I64E-03 

6 

35 

2.23SE+00 

1.107E-O1 

2.479E-03 

2.7e8E-03 

2.99 IE -03 

3.364E-03 

6 

36 

8.963E-01 

4#442E-02 

9.942E-04 

1.118E-03 

1.200E-G3 

1.349E-03 

6 

38 

4.61 3E *00 

2.286E“0l 

5.117E-03 

5.755E-03 

6.175E-03 

6.945E-03 

6 

39 

3.376E+00 

1.673E-01 

3.745E-G3 

4.212E-03 

4.520E-O3 

5.0B3E-03 

6 

40 

3.G5GE+G0 

1.512E-01 

3-384E-03 

3.805E-03 

4.084E-03 

4.593E-03 

6 

41 

1.677E+00 

8.308E-02 

1.86GE-03 

2.092E-03 

2.244E-03 

2.524E-03 

6 

42 

5.251E-01 

2.602E-02 

5.824E“04 

6.551E-04 

7.029E-04 

7.906E-04 

6 

43 

5. 648 fc -01 

2.799E-02 

6.265E-04 

7.046E-04 

7.561E-04 

B.5G4E-<)4 

7 

2 

2.572E+01 

1-254E+00 

1.582E-02 

H.380E-02 

1.887E-02 

9.998 E-02 

7 

3 

7.599E+00 

3.704E-01 

4.673E-03 

2.476E-02 

5.575E-03 

2.9546-02 

7 

4 

1.726E-K)l 

8.414E-01 

1.062E-02 

5.624E-02 

1.267E-02 

6.7106-02 

7 

5 

3.759E+00 

1.832E-01 

2.311E-03 

1.225E-02 

2.758E-03 

1.461E-02 

7 

6 

9.100E+00 

4.435 E-01 

6.595E-03 

2.964E-02 

6.676E-03 

3.537E-02 

7 

7 

2.529E+01 

1.232E+0G 

1.555E-02 

8.238E-02 

1.855E-02 

9.830E-02 

7 

8 

4.146E+0G 

2.021E-01 

2.549E-03 

1.351E-02 

3.042E-03 

1.612E-02 

7 

9 

1.820E+00 

8.871E-02 

1.119E-03 

5.930E-03 

1.335E-03 

7.075 E-03 

7 

10 

3.285E-#00 

i.601E-01 

2.020E-03 

1.070E-02 

2.410E-03 

1.277E-02 

7 

11 

2.827E+00 

1.378E-01 

1.738E-03 

9.209FH13 

2.074E-03 

1.099E-02 

7 

12 

2.632E+00 

1.283E-01 

1.618E-03 

8.573E-03 

1.931E-03 

1.023E-02 

7 

13 

2 * 038 E *00 

9.934E-02 

1.253E-03 

6.640E-03 

1.495E-03 

7.923E-03 

7 

14 

8-386E-G 1 

4.087E-02 

5.156E-04 

2.732E-*03 

6.152E-04 

3.260E-03 

7 

15 

2.828E-01 

1.378E-02 

1.739E~04 

9.211E-04 

2.075E-04 

1.099E-G3 

7 

16 

2.770E+00 

1.350E-01 

1.703E-03 

9.024E*-03 

2.032E-03 

1.077E-02 

7 

17 

2.713E+0G 

1.322E-01 

1.668E-03 

9.837E-03 

1.990E-03 

1.054E-02 

7 

18 

2. 45 8 E 400 

1.19BE-01 

1.512E-03 

8.008E-03 

1.B04E-03 

9.555E-G3 

7 

19 

2-582E+G0 

1.259E-01 

1.588E-03 

B.412E-G3 

1.895E-G3 

1.004E-02 

7 

20 

2.631E+00 

1.282E-01 

1.618E-03 

8.570E-03 

1.930E-03 

1.023E-02 

7 

21 

2.513F+00 

1.225E-GI 

1.545E-03 

8.187E-03 

1.844E-03 

9.768E-03 


Tables! 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 

< 


W=1.0 

Cu 

”r=1.0 

^=.8S 

”r = .85 

7 

22 

1.755E*00 

8.552E-02 

1.079E-03 

5.717E-03 

l*287E-03 

6.621E-03 

7 

23 

6.527E-01 

3.181E-02 

4.014E-04 

2.126E-03 

4*789E-04 

2.537E-03 

7 

24 

2*937E^OO 

1.432E-01 

l«806E-03 

9.569E-03 

2.155E-03 

1.142E-02 

7 

25 

1.597E-01 

7.786E-03 

9 ,823 E-OS 

5.204F-04 

1.172E-04 

6.209E-04 

7 

26 

2.539E+00 

1.238E-01 

1.561E-03 

8.272E-03 

1.863E-03 

9*870E-03 

7 

27 

l,749E+00 

8.525E-02 

1.076E-03 

S.699E-03 

1.2e3E-03 

6.799E-03 

7 

28 

6-673E-01 

3.252E-02 

4.103E-G4 

2 * 174E-03 

4,896E-04 

2.594E-03 

7 

29 

2.308E-01 

1 . 125E-02 

1.419E-04 

7.520E-04 

1,694£“04 

8.972E-04 

7 

30 

2.716E+00 

1.324E-01 

1.670E-03 

8.847E-03 

1.992E-03 

1.056E-02 

7 

31 

2.427E^00 

1.183E-01 

1.492E-03 

7,905E-03 

1.780E-03 

9.432E-03 

7 

32 

6.412E-01 

3. 125E-02 

3.942E-04 

2.089E-03 

4.704E-O4 

2.492E-03 

7 

33 

1.661EK)1 

9,Q7GE-03 

1.144E-04 

6*063E-04 

l*365E-04 

7.234E-04 

7 

34 

2.619E+00 

1.276E-01 

1.610E-03 

8.531E-03 

1.921E-03 

U018E-02 

7 

35 

1.712E+O0 

8.345E-02 

1.053E-03 

5*578E-03 

1.256E-03 

6.656E-03 

7 

36 

5.566E-Q1 

2.713E-02 

3.422E-04 

l.ftl3E-03 

4.083E-04 

2,163E-03 

7 

37 

1.794E-01 

a,743E-03 

1.103E-04 

5.644E-04 

1*316E— 04 

6 .973E-04 

7 

33 

2*626E+00 

1,260E-Ol 

1.615E-03 

8.556E-03 

1.927E-03 

U021E-02 

7 

39 

2.113E-KI0 

1.030E-01 

l,299E-03 

6. 8e4E-03 

1.550E-03 

8.214E-03 

7 

40 

l.763E^OO 

e.593E“02 

1.0e4E-03 

5.744E-03 

l,294E-03 

6.853E-03 

7 

41 

l.OeiE'KJO 

5.269E-02 

6.647E-04 

3.522E-03 

7.931E-04 

4.202E-03 

7 

42 

5.669E-01 

2.763E-02 

3.466E-04 

1.R47E-03 

4.159E-04 

2*204E-03 

7 

43 

3,749E“Ol 

1 . 82TE-U2 

2.305E-04 

l,221E-03 

2.751E-04 

l,457E-03 

a 

2 

a.956E400 

1.142E4-Q0 

5.513E-03 

1.971E-01 

6.578E-03 

2.352E-01 

a 

3 

2*B66£400 

3,654E-G1 

1 .764E-03 

6.30BE-02 

2*105E-03 

7.527E-02 

8 

4 

5.834E+00 

7.437E-01 

3.591E-03 

1*284E-01 

4,285E-03 

1 .537E-01 

a 

5 

l,343E+00 

1.712E-01 

8.267E-04 

?,956E-02 

9.864E"04 

3,527E-02 

a 

6 

3,045E*O0 

3.e82E-01 

1.874E-03 

6.702E-02 

2*236E-03 

7.996E-02 

a 

7 

8. 593 E 400 

i.095E*00 

5,290E-03 

l.e91E-01 

6.312E-03 

2.2 57E-01 

a 

e 

1.459E+00 

1.860E-01 

8.980E-04 

3.211E-02 

1.071E-03 

3.831E-02 

a 

9 

6.631E-01 

8.708E-G2 

4.205E-04 

1.503E-02 

5.017E-04 

1.794E-02 

a 

10 

1-208E+0G 

1*540E"G1 

7.4 35E-04 

2.658E-02 

8,871E-04 

3*l72E-02 

3 

11 

a.956E-01 

1.142E-01 

5.513E-04 

1.971E-02 

6,578E-04 

2.352E-02 

a 

12 

9*006E"01 

l.l4aE-^)l 

5.544E-04 

1.982E-G2 

6.615E-04 

2.365E-02 

a 

13 

7-403E-01 

9.444E-02 

4.560E-04 

1.631E-02 

5,441E-04 

1.946E-02 



Table 3ZI 

HEAT TRANSFER DATA (Cent.) 


RUN 

GAGE 




C|j 

"r=1,0 

**r=.85 

C|j 

"r=.85 

8 

14 

3.291E-01 

4.195E-G2 

2-026E-04 

7.243E-03 

2.417E-04 

8.642E-03 

8 

13 

1*970E-01 

2.512E-02 

1.213E-04 

4.337E-03 

1.447E-04 

5.175E-G3 

a 

16 

8.104E-01 

1.033E-0I 

4.988E-04 

1.7B4E-02 

5.952E-04 

2.128E-02 

8 

17 

7.941E-01 

1,012E-01 

4,888E-04 

1.748E-02 

5.832E-G4 

2.085E-02 

8 

la 

e.372E-01 

1*067E-01 

5* 154E-04 

1.843E-02 

6.149E-04 

2.199E-G2 

8 

19 

9,006B-01 

1.148E-01 

5*544fc— 04 

1.982E-02 

6.615E-04 

2.365E-02 

8 

2G 

e,160E-Ol 

1.04GE-01 

5.023E-04 

1.796E-02 

5.993E-04 

2.143E-02 

a 

21 

7.703E-01 

9.S20E-02 

4.742E-04 

1.695E-02 

5.658E-04 

2.023E-02 

8 

22 

6.385E-01 

8 .140E-02 

3.931E-04 

1.405E-02 

4.690E-G4 

1.677E-02 

3 

23 

2.350E-01 

2,995E-02 

1.446E-04 

5.171E-03 

1.726E-04 

6.170E-03 

8 

24 

8.926E-01 

1.138E-01 

5.495E-04 

1.965E-02 

6. 556E— 04 

2.344E-G2 

8 

25 

9.993E-02 

1.274E-G2 

6.152E-05 

2.199E-03 

7.34GE-05 

2.624E-03 

8 

26 

7.609E-01 

9.700E-02 

4*684E-04 

1.675E-02 

5.589E^4 

1.998E-02 

8 

27 

5.601E-01 

7,140E-G2 

3.448E-04 

1.233E-02 

4.114E-04 

1.471E-02 

8 

28 

2*400E-0l 

3,060E-02 

1.477E-04 

5.282E-03 

1.763E-04 

6.302E-03 

8 

30 

8.213E-01 

1.047E-01 

5.056E-G4 

1.808E-02 

6.033E-04 

2.157E-02 

a 

31 

7*786E-Ol 

9,926E-02 

4*793E-Q4 

1.714E-02 

5.719E-G4 

2. 045 E -02 

8 

32 

2.518E-01 

3.209E-02 

1.550E-04 

5 .5418-03 

1.849E-04 

6.611E-03 

a 

33 

8.795E-02 

1.121E-G2 

5.414E-05 

1.936E-03 

6.460E-05 

2.310E-03 

8 

34 

7*980E-01 

1.G17E-G1 

4.912E-04 

1.756E-02 

5 *66 IE -04 

2.G96E-02 

8 

35 

5*129E“01 

6.536EHJ2 

3.157E-04 

1.129E-02 

3.767E-04 

1.347E-02 

3 

36 

2,005E-01 

2*556E-02 

1.2 34E-04 

4.412E-03 

1.473E-04 

5.265E-03 

8 

38 

7.994E-01 

1.019E-^1 

4.921E-04 

1.759F-02 

5.871E-04 

2.G99E-02 

8 

39 

6.562E-01 

8 • 366E-02 

4.039E-04 

1*444E-02 

4.820E-04 

1.723E-02 

8 

40 

5*594E-01 

7.131E-02 

3.443E-04 

1.231E-02 

4.1G9E-04 

1.469E-02 

3 

41 

3.050E-01 

3. 888 E -02 

1.877E-G4 

6.712E-03 

2.240E-G4 

8.008E-03 

8 

42 

1.9O0E-OI 

2 .423E-02 

1.170E-04 

4.182E-03 

1.396E-04 

4.990E-03 

8 

43 

6.759E-02 

6*&I6E— 03 

4.160E-G5 

1.488E-03 

4.96i»^E-05 

1.775E-03 

9 

2 

2,068E-K)1 

1.084E+00 

2.362E-02 

2.751E-G2 

2.852E-02 

3.322E-02 

9 

4 

2.244E+01 

1.176E+00 

2.563E-02 

2.965E-02 

3.095E-62 

3.604E-02 

9 

6 

2. 479 E *01 

1.300E+GO 

2.831E-02 

3.297E-G2 

3.419E^02 

3.962E-02 

9 

7 

2.136E+01 

1.120E^00 

2.440E-G2 

2.841E-02 

2.946E-C2 

3.431E-02 

9 

8 

2.879E+01 

1.509E+00 

3.289E-02 

3.830E-02 

3.971E-02 

4.625E-02 

9 

9 

2.543t+G0 

1.333E-01 

2.904E-G3 

3.382E-03 

3.507E-03 

4.084E-03 


Table 3ZI 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 

9w 


•*r ^ 1.0 

*^Hrsio 

*’r=.8S 


9 

10 

2.43&E«Ol 

1.277E+00 

2.7S2E-02 

3.239E-02 

3.3596-02 

3.9126-02 

9 

11 

2.2786+01 

1.194E+G0 

2.601E-02 

3-030E-02 

3.142E-02 

3.6596-02 

9 

12 

1.98lF‘»01 

i,039E+00 

2.263E-02 

2.635F-02 

2.733E-02 

3.1826-02 

9 

13 

1.S20E<H>1 

7-970E-01 

1.736E-02 

2.022E-02 

2.0976-02 

2 .4426-02 

9 

14 

2.419E+O0 

1.268E-01 

2.762E-03 

3.217E-G3 

3.336E-03 

3.885E-03 

9 

16 

2.037E+01 

1.068E'»00 

2.3276-02 

2.71GE-02 

2.810E-O2 

3.273E-02 

9 

17 

2.257t+01 

1.1B3E4^00 

2.578E-02 

3.002E-02 

3.113E-02 

3.626E-02 

9 

18 

2. 09 IE 401 

1.096E+00 

2.38BE-02 

2.782E-G2 

2.B84E-02 

3.3596-02 

9 

19 

1.975E+01 

i.035E400 

2.255E-02 

2.626E-02 

2. 7236-02 

3.1726-02 

9 

20 

2.235E+01 

1.171E+00 

2.552E-02 

2.972F-02 

3.0826-02 

3.5896-02 

9 

21 

2.019E*01 

1.059E+00 

2.306E-02 

2.686E-02 

2.785E-02 

3.2446-02 

9 

22 

1.359E+01 

7. 127E-01 

1.553E-02 

1.808E-02 

1.875E-02 

2.1846-02 

9 

23 

2.546E«00 

1.333E-01 

2.908E-03 

3.387E-03 

3. 5126-03 

4.0906-03 

9 

24 

2-357E+01 

l«235E'i‘00 

2.692 E-02 

3.135E-02 

3.251E-02 

3.7866-02 

9 

26 

2.337E+G1 

1,225E+G0 

2.669E-Q2 

3.108E-02 

3.223E-G2 

3.7546-02 

9 

27 

1.49 8E401 

7.8366-01 

1.7 11 E-02 

1. 9936-02 

2.067E-02 

2.407E-02 

9 

28 

2.528E4O0 

1.325E-01 

2.887E-03 

3.3636-03 

3.4876-03 

4.0616-03 

9 

30 

2.523E+01 

1.323E+00 

2.882E-02 

3.356E-G2 

3. 4806-02 

4. 053 E-02 

9 

31 

2.268E+01 

1.189E+00 

2.591E-Q2 

3.0I7E-02 

3.1296-02 

3.644E-02 

9 

32 

2.200E+00 

1.153E-01 

2.313E-03 

2.9276-03 

3. 0356 -03 

3.5346-03 

9 

34 

2.353E+01 

1.233E+00 

2*6876-02 

3.1296-02 

3.245E-02 

3.779E-02 

9 

36 

2.361E400 

1.237E-01 

2.696E-03 

3.140E-03 

3.256E-03 

3.792E-03 

9 

38 

2.548E+01 

1.336E+00 

2.910E-02 

3.3906-02 

3.5156-02 

4.093E-02 

9 

39 

2.005E-K)1 

1.051E+00 

2.29GE-02 

2.6676-02 

2.7656-02 

3.2206-02 

9 

40 

1.4T9E+G1 

7.754E-01 

1.689E-02 

1.967E-02 

2.040E-02 

2.376E-02 

9 

42 

2.157E+00 

1.131E-01 

2.463E-03 

2.869E-03 

2.975E-03 

3.464E-03 

9 

43 

7.988E+00 

4.187E-01 

9.123E-03 

1.0626-02 

1.102E-02 

1.2836-02 

10 

2 

1.963E+01 

9.189E-01 

1.195E-02 

5.9436-02 

1.425E-02 

7.0896-02 

10 

4 

2.470E+O1 

1.136E<»00 

1.509E-02 

7.5C36-02 

l.BOOE-02 

3.951E-02 

10 

5 

3.675E-0i 

1.71&E-02 

2.237E-04 

1.1136-03 

2.6686-04 

1.327E-03 

10 

6 

2.500E-*^01 

1.167E+00 

1. 5226-02 

7.5696-02 

1.815E-02 

9.029E-G2 

10 

7 

2.296E+01 

1. 0716^00 

1.3986-02 

6.9526-02 

1.667E-02 

8.2936-02 

10 

e 

2.526E+01 

1.179E^00 

1.5376-02 

7.6476-02 

1.8346-02 

9.123E-02 

10 

9 

2»804E400 

1.309E-01 

1.707E-03 

8.441E-03 

2.0376-03 

1.0 13 E-02 



Table 3ZL 

HEAT TRANSFER DATA (Gont.} 


FUN GAGE % 




10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

11 

11 


10 

2.3866+01 

1. 1136+00 

11 

2.396E+01 

1. 1186 +00 

12 

2.097E+01 

9.7856-01 

13 

1.615E+01 

7. 5386-01 

14 

2.642E+0G 

1. 2336-01 

16 

1.9026*01 

8 . 8766-01 

17 

2. 2066 *01 

1 .0296+00 

18 

2.327E+01 

1.086E+00 

19 

2. 21 16*01 

1.0326+00 

20 

2.4376*01 

1.137E+00 

21 

2.1476*01 

1.0026*00 

22 

1.3546*01 

6.3216-01 

23 

2-6456*00 

1.234E-01 

24 

2.204E+01 

1 .0286+00 

25 

4.088E-01 

1.906E-02 

26 

2.2256*01 

1.038E+00 

27 

1.3356*01 

6.229E-01 

26 

2.590H-00 

1. 2096 -01 

30 

2.1756*01 

1.0156+00 

31 

2, 1446*01 

1.0006*00 

32 

2.8266*00 

1.3196-01 

33 

8.226E-01 

3.839E-02 

34 

2.1786*01 

1 . 0176*00 

35 

1.3416*01 

6.2586-01 

36 

2.7186*00 

1.268E-01 

37 

4.306E— 01 

2.0106-02 

38 

2-4136*01 

1.126E+00 

39 

1.831E*01 

8.778E-01 

40 

1.3946*01 

6.5066—01 

41 

6.6556*00 

3.1066-01 

42 

1.975E*00 

9.2196-02 

43 

7.1356+00 

3. 3306-01 

2 

2.3756*81 

1.1676*00 

4 

2.577E*0l 

1.266E*G0 


1.452E-02 

l.A5eE-02 

l*2T6E-02 

9.832E-03 

1.606E-03 

1.158E-02 

l,343E“02 

1.416E-02 

l*346E-02 

1.483E-02 

1.307E-02 

8.245E-03 

1.610E-03 

1.341E-02 

2.4B9E-04 

1.355E-02 

8.125E-03 

1*577E-03 

1.324E-02 

l,3G5E-02 

1.72QE-03 

5.008E-Q4 

1.326E-02 

8.162E-03 

1.6556*03 

2.621E-04 

1.469C-02 

1.145E-02 

8.487E-03 

4.051E-03 

1.203E-03 

4- 343E-03 

2.623E'02 

2.846E-02 


7.2226*02 

7.254E-02 

6.349E-C2 

4.891E"*02 

7.9986-03 

5.759E-02 

6. 6796*02 

7.0456*02 

6.6956-02 

7.3796*02 

6.5G2E-02 

4.101E-02 

8.00PE-03 

6.672E-02 

1.238E-03 

6.738E-02 

4.0416—02 

7-8426*03 

6.5876-02 

6.491E-02 

B. 5566-03 

2.491E-G3 

6 . 596E-02 

4.060E-02 

3. 230E-03 

1.304E-G3 

7.306E-02 

5.695E-02 

4.2216-02 

2.015E-02 

5.982E-03 

2.160E-02 

2.9336*02 

3.182E-02 


^ = .85 

1.7326-02 
1.740E-02 
1.523E-02 
1.173E-02 
1.918E-03 
1.381E-02 
1.602E-G2 
1.690E-02 
1.606E-G2 
1.770E-02 
1.559E-02 
9.836E-03 
1.921E-03 
1.600E-O2 
2.969E-04 
1.6166-02 
9.693E-03 
1.88 IE -03 
1.580E-02 
1.557E-02 
2.052E-03 

5.9T4E-04 
1.582E-02 
9. 7376 “03 
1.974E-C3 
3.127E-04 
1.752E-02 
1.366E-02 
1.012E-02 
4.833E-03 
1.435E-03 
5.1816-03 

3.165E-02 

3.4346-02 


Cm 

”r=.85 

8.6166-02 
8.6536-02 
7.574E-G2 
5.834E-02 
9.5426-03 
6.8716-02 
7.967E-02 
8.404E-02 
7-9876*02 
8.8036-02 
7.756 E-02 
4.892 E-02 
9.554E-03 
7.960E-02 
i.477E-03 
8.038E-02 
4.8216-02 
9.356E-03 
7.8 58 E-02 
7.744E-02 
1.021E-02 
2.971E-03 
7.8686-02 
4.8436-02 
9.818E-03 
1 .5556-03 
8. 716 E-02 
6.7946-02 
5.036E-02 
2.4046-02 
7.136E-03 
2.577E-02 

3.539E-02 

3-a4GE-02 



TablelZl 

HEAT TRANSFER DATA <Cont) 


RUN 

GAGE 



*'r= 1.0 

*^“r=1.0 

^ = .85 


II 

6 

2«901E401 

1.425E4G0 

3.2036-02 

3.5026-02 

3.865E-02 

4.3226-02 

11 

7 

2.282E+01 

1*12 IE 400 

2.519E-02 

2.8176-02 

3.040E-02 

3. 4006-02 

11 

9 

2.534E4O0 

1.245E-G1 

2.797E-03 

3. 128E-03 

3.376E-03 

3.775E-03 

11 

10 

^.810E^v01 

1.380E400 

3.103E-02 

3.4706-02 

3.744E-02 

4.1876-02 

11 

11 

2. 372E401 

1* 165 E 400 

2. 6196-02 

2.9296-02 

3.160E-02 

3.5356-02 

11 

12 

2.604E«Ol 

1.279E400 

2.874E-02 

3.2156-02 

3.469E-02 

3.8796-02 

ll 

13 

1.693E-K>1 

8.314E-01 

1.8696-02 

2.0906-02 

2.255E-02 

2,5226-02 

11 

14 

2*527E+00 

1*241E-^1 

2.790E-03 

3.1206-03 

3.3676-03 

3. 7656-03 

11 

16 

2. 51 BE 401 

1.237E400 

2.780E-02 

3. 1096-02 

3.355E-02 

3.7526-02 

11 

17 

2.517E4C1 

1.236E40U 

2.779E-02 

3.1086-02 

3.3546-02 

3.7516-02 

11 

18 

2.627E401 

1.290E400 

2. 9006-02 

3.2436-02 

3.500E-02 

3.9146-02 

11 

19 

2.442E401 

|•200E400 

2.696E-02 

3. 0156-02 

3.254E-G2 

3.639E-02 

11 

20 

2.48GE401 

1.218E400 

2.7386-02 

3.0626-02 

3.304E-02 

3.695E-02 

11 

21 

2,768E*01 

1.360E400 

3.056E-G2 

3.4186-02 

3.688E-02 

4.124E-02 

11 

22 

1.561E401 

7*665E-01 

1.723E-02 

1.9276-02 

2.079E-02 

2.3256-02 

11 

23 

2.754E400 

l*353E-01 

3.0406-03 

3.40OE-03 

3.6696-03 

4.1036-03 

11 

24 

2.368E401 

1*163E400 

2.615E-G2 

2.9246-02 

3.1556-02 

3.529E-02 

11 

26 

3.027E401 

1*487E400 

3.342E-02 

3. 7376-02 

4.0326-02 

4.510E-O2 

11 

27 

1.571E401 

7*7166-01 

1.734E-02 

1.9406-02 

2.0936-02 

2.3416-02 

11 

28 

3.013E400 

1.480E-01 

3. 3266-03 

3.7206-03 

4.0146-03 

4.4896-03 

11 

30 

2.175E401 

1 *0686400 

2.-*02E-02 

2.6866-02 

2. 8986 -02 

3.2416-02 

11 

31 

2.441E401 

1.199E400 

2.695E-02 

3.0146-02 

3.253E-02 

3.637E-02 

11 

32 

2.861E400 

1.405E-01 

3.158E-03 

3.5326-03 

3.811E-03 

4.2626-03 

11 

33 

7,246E^1 

3.559E-02 

7.999E-04 

8.946E-04 

9.653E-04 

1 .0806-03 

11 

34 

2*6041401 

1.2796400 

2. 8756-02 

3.2156-02 

3.4696-02 

3.8006-02 

11 

35 

1*678E401 

8*2396-01 

1.8526-02 

2.0716-02 

2. 2356-02 

2 .4996-02 

11 

36 

2.543E40G 

1.2496-01 

2.8086-03 

3.1406-03 

3.3886-03 

3.789E-03 

11 

38 

2.741E401 

1.3466400 

3.0266-02 

3.3856-02 

3.6526-02 

4,0846-02 

11 

39 

2*2671401 

1*1138400 

2. 5036-02 

2*7996-02 

3. 0206-02 

3.3786-02 

11 

40 

1.764E401 

fa*663E— 01 

1.947E-G2 

2.1786-02 

2. 35 06 -02 

2.6286-02 

11 


7. 99 5E 400 

3.9276-01 

8.827E-03 

9.8726-03 

1. 0656-02 

1.1916-02 

11 

42 

2*449E40G 

1.2036-01 

2.704E-G3 

3.0246-03 

3.2636-03 

3.6496-03 

11 

43 

7.969E400 

3. 9146-01 

8.7996-03 

9.840E-03 

1.0626-02 

1.1876-02 

12 

2 

6.08BE400 

8.6826-01 

3.B51E-03 

1.6236-01 

4.5976-03 

1.9376-01 



Table 21 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



’^r = 1.0 

o 

X 

11 

b 

*»r= .85 

Cu 

”r = .8S 

12 

4 

6.852E-K50 

9.770E-G1 

4* 334EMD3 

1.826E-01 

5.174E-03 

2.180E*01 

12 

6 

7.985E+00 

1.139E+00 

5*051E-03 

2.128E-01 

6.030E-03 

2.541E-01 

12 

7 

6,778E-H)G 

9»666E-01 

4.288E-03 

1.807E-01 

5*ll9E-03 

2.157E-01 

12 

8 

5.694E-H10 

8.119E-G1 

3.6G2E-03 

1.518E-01 

4.300E-03 

1.S12E-01 

12 

9 

7.788E-01 

l.lllE-01 

4.927E-04 

2.076E-02 

5»881E-04 

2.478 E-0 2 

12 

10 

8.565E400 

1.221E+00 

5-418E-03 

2.283F-01 

6.467E-03 

2.725E-01 

12 

11 

6, 5086+00 

9.280E-01 

4.117E-03 

1.735E-01 

4.914E-03 

2.071E-01 

12 

12 

6,606£+0Q 

9.419E-01 

4.179E-G3 

l*761E-0l 

4.988E-G3 

2.102E-01 

12 

13 

4,164E+00 

5.937E-01 

2.634E-03 

1*110E-01 

3,l44E-03 

1.325E-01 

12 

14 

7.380E-01 

1.052E-01 

4.669E-04 

1.967E-02 

5.573E-04 

2.348E-02 

12 

16 

6.092E+00 

8.688E-01 

3.854E-03 

1.624E-01 

4.601E-03 

1.939E-01 

12 

17 

5.601E+00 

7*966E“01 

3.543E-03 

1.493E*01 

4,229E-03 

1.782E-01 

12 

18 

5 •78311+00 

8.246E-01 

3*658E-03 

1.541E-01 

4.367E-03 

1*840£-01 

12 

19 

6.676E+00 

9.520E-01 

4.223E-G3 

1.780E-01 

5.041E-03 

2.124E-01 

12 

20 

7.137E+00 

1.018E+00 

4.515E-03 

1.9G2E-01 

5*389E“^3 

2.271 £-01 

12 

21 

4.778E+00 

6.813E-01 

3-022E-03 

1,274E-01 

3.608E-G3 

1.520E-01 

12 

22 

4*256E+00 

6.069E-01 

2.692E-03 

1.135F-G1 

3.214E-03 

1.354E-01 

12 

23 

8.322E-01 

1.187E-01 

5.264E-04 

2.218E-02 

6.284EM)4 

2.648E-02 

12 

24 

7.416E+00 

1.057E+00 

4.691E-03 

1,977E-01 

5.600E-03 

2.360E-01 

12 

26 

6,002E+G0 

8*558E-01 

3.797E“G3 

1*6©OE-01 

4.532E-03 

1.910E-01 

12 

27 

4.298E+00 

6.12BE-01 

2.719E-03 

1.146E-01 

3,245E^03 

1.367E-01 

12 

28 

8.334E-01 

1.188E-01 

5,272E-04 

2.222E-02 

6.293E-04 

2.652E-02 

12 

30 

6.493E+00 

9.259E-G1 

4.107E-03 

1.731E-01 

4.903E-03 

2.0 66 E— 01 

12 

31 

7.056E+00 

l*006£+00 

4.463E-03 

1.P81E-01 

5.328E-03 

2.245E-01 

12 

32 

7.409E-01 

1.056E-01 

4*687E-04 

1,975E“02 

5*595E-G4 

2.357E-02 

12 

34 

5.198E+00 

7.412E-01 

3.288E-03 

1*386E-01 

3.925E-03 

1.654E-01 

12 

35 

4.410E+00 

6 • 288E—01 

2.790E-03 

1.175E-01 

3.330E-G3 

X.403E-01 

12 

36 

7.853E-01 

1.120E-G1 

4.968E-04 

2*093E-G2 

5.930E-04 

2.499E-02 

12 

37 

1.172E-01 

1.671E-02 

7.4 13E-05 

3.124E-03 

8.849E-05 

3.729E-03 

12 

38 

8.047E+00 

1.147E+00 

5.090E-03 

2*145E-01 

6»076E —03 

2.560E-01 

12 

39 

6.009E+00 

8.569E-01 

3.801E-G3 

1.602E-01 

4*538E-03 

1.912E-01 

12 

40 

4.147fc+G0 

5.913E-01 

2.623E-03 

1.105E-01 

3.131E-03 

1.32GE-01 

12 

41 

1.939E+00 

2.765E-01 

1.227E-03 

5.169E-02 

1.464E-03 

6.170E-02 

12 

42 

7.10XE-01 

1.013E-G1 

4.492E-04 

1.893E*02 

5.362E-C4 

2.260E-02 

12 

43 

2.189E+00 

3.l21fc-0l 

1.385E-03 

5.835E-02 

l*653E-03 

6.965E-0? 



Table SI 

HEAT TRANSFER DATA (Cont.) 


tn 


RUN 

GAGE 



= 1.0 

"r= 1.0 

*'r=.8S 

II 

13 

2 

6.332E400 

7.991E-01 

3.818E-03 

1*405E-01 

4.555E-03 

1*676E-01 

13 

4 

7*53 IE +00 

9.505E-01 

4.542E-03 

1*671E-01 

5.418E-03 

1.994E-01 

13 

6 

8.140E+00 

1.027E+00 

4.V09E-03 

1 . 806E-01 

5.855E-03 

2.155E-01 

13 

7 

7-618E+00 

9*866E-0l 

4.715E-03 

1.735E-01 

5.623E-03 

2*0691-01 

13 

8 

9*58BE+Q0 

i.2l0E+G0 

5*782E-03 

2.128E-01 

6.897E-03 

2.538E-G1 

13 

10 

7*627E+00 

9*877E-01 

<r*720t— 03 

1.737E-01 

5.630E-G3 

2.072E-01 

13 

11 

7.00SE+00 

8.844E-01 

4.226E-03 

1.555E-01 

5.04IE-03 

1.855E-01 

13 

12 

7.236E+00 

9.132E-01 

4-364E-Q3 

1.606E-01 

5.205E-03 

1*915E-01 

13 

13 

4.534E+00 

5.722E-01 

2.734E-03 

1.006E-01 

3.261E-03 

1.200E-01 

13 

14 

9.356E-0 1 

1.181E-01 

5.642E-04 

2.076E-02 

6.730E-04 

2.477E-02 

13 

15 

9.78 IE-0 2 

1.234EM)2 

5.899E-05 

2.171E-03 

7.036E-05 

2*5e9E-03 

13 

16 

5.355E+00 

6.758E-01 

3.229E-03 

1*188E-0T 

3.852E-03 

1.418E-01 

13 

17 

5.2971+00 

6.685E— 01 

3.195E-03 

1.176E-01 

3. 81 IE -^03 

1.402E-01 

13 

16 

7.00 IE +00 

8.835E-01 

4.222E-03 

1.554E-01 

5.036E-03 

1.853E-01 

13 

19 

4.006E+00 

5.G55E-01 

2.416£-03 

8.890E-02 

2 *88 IE -03 

1.060E-01 

13 

20 

7.021E+00 

e.661EH31 

4.23^E-03 

1*558E-G1 

6.050E— 03 

1.859E-01 

13 

21 

3. 262 E +00 

4.116E-01 

1.967E-G3 

7.239E-G2 

2.346E-03 

8*6341—02 

13 

22 

3* 536 E +00 

4.462E-01 

2.132E-03 

7*847E-02 

2.543E-03 

9.360E-02 

13 

23 

1.008E+00 

1.272E-01 

6.079E-04 

2.237E-02 

7.251E-G4 

2 *669E-02 

13 

24 

6.7Z8E+00 

8.491E-01 

4.057E-03 

1*493E-01 

4.840E-03 

1.T81E-01 

13 

25 

7.264E-02 

9. 168E-03 

4*3aiE-05 

1.612E-03 

5.226E-05 

1.923E-03 

13 

26 

6.092E+00 

7.688E-01 

3.674E-03 

1.352E-01 

4*3821-03 

1.6131-01 

13 

27 

3.352E+00 

4.230E-01 

2.021E-03 

7.438E-02 

2*4llE-03 

8.872E-02 

13 

28 

9.410E-01 

1.188E-01 

5.675E-04 

2.088E-02 

6.769E-04 

2*491 E-02 

13 

29 

9.138E-02 

1.153E-02 

5.511E-05 

2.028E-03 

6 *5731-05 

2.419E-03 

13 

30 

6.720E+00 

8.481E-01 

4.053E-03 

1.491E-01 

4.834E-03 

1.779E-01 

13 

31 

6.838E+00 

8.630E-01 

4-124E-03 

1.518E-01 

4.919E-G3 

1.810E-01 

13 

32 

1.027E+00 

1.296E-01 

6* 194E— 04 

2.279E-02 

7.388E-04 

2.719E-02 

13 

33 

1.1G8E-01 

1.398E-02 

6.682E-G5 

2.459E-03 

7.970E-C5 

2.933E-03 

13 

34 

6. 228 E +00 

7*860E-01 

3.756E~03 

1.382E-01 

4.48GE-03 

1.6491-01 

13 

35 

3.314E+00 

4.183E-G1 

1.999E-03 

7. 356E-02 

2*384E"*03 

8.774E-02 

13 

36 

9.G36E-01 

1.14GE-01 

5.449E-04 

2.005E-02 

6. 5001 -04 

2.392E-02 

13 

37 

8.163E-02 

1.G30E-02 

4.923E-05 

1.812E-G3 

5.872E-05 

2. 161 t -03 

13 

38 

8.453E+00 

1.067E+00 

5.098E-03 

1.876E-01 

6.081E-03 

2.2381-01 



Table 3ni 

HEAT TRANSF!ER DATA (Cent.) 


RUN 

GAGE 



N = 1.0 

Cu 

= 1.0 

*’r = ,85 

Cu 

"r = .85 

13 

39 

4,907E+00 

6.192E-G1 

2.959E-03 

1.089E-01 

3.53CE-03 

1.299E-01 

13 

40 

1.553E4-00 

1.960E-K)1 

9*366E~0A 

3.447E-02 

1.117E-03 

4.111E-02 

13 

41 

1.696E+00 

2.141E-01 

1.023E-03 

3* 765E-02 

1.22QE-03 

4.491E-02 

13 

42 

6.963E-01 

8.787E^2 

4.199E-04 

l*545E-02 

5.009E-04 

1.843E-G2 

13 

43 

9.607B-01 

1.212E-01 

5.794E-G4 

2.132E-02 

6,911E-04 

2.543E-G2 

14 

2 

l*022E+00 

l*348E-Ol 

6.474E-04 

2.309E-O2 

7.72aE-G4 

2.756E-02 

14 

3 

4.246E-01 

1,220E-Oi 

5.857E-04 

2-089E-02 

6-992E-04 

2.494t-02 

14 

4 

8.560e-01 

1.129E-01 

5.422E-04 

1.934E-02 

6*47 3E -04 

2.308E-02 

14 

5 

8-242E-01 

1.087E-01 

5,22lE-04 

1.862E-02 

6.233E-04 

2.223E-02 

14 

4 

8.484E-01 

1,119E-01 

5.374E-04 

1.917E-02 

6.415E-04 

2.288E-02 

14 

7 

1.040E+00 

1.372E-01 

6.589E-G4 

2.350E-02 

7*366E-G4 

3.805E-02 

14 

8 

8.062E-01 

1*063E-01 

5 . 107E-04 

1.821E-02 

6.096E-04 

2.174E-02 

14 

10 

8.216E-01 

1.G84E-01 

5.205E--04 

1.856E-02 

6.213E-04 

2.2I6E-G2 

14 

11 

8.436e-01 

1.113E-01 

5.344E-04 

1 .906E-02 

6.379E-04 

2.275E-02 

14 

12 

9.G75E-01 

i.l97E-01 

5.749E-04 

2*050E-02 

6.862E-04 

2.447E-02 

14 

13 

I.019E-01 

l,345E-02 

6.457E-05 

2.303E-03 

7.708E-05 

2.749E-03 

14 

15 

7.841E-01 

1.034E-G1 

4.967E-04 

1.771E-02 

5.929E-04 

2.115E-0Z 

14 

16 

6 .5a6E-0 1 

l,122E-Ol 

5.389E-04 

l,922E-^2 

6.432E-04 

2.294E-02 

14 

17 

a,275E-Ol 

1.092E~G1 

5.242E-04 

1.869E-02 

6.257E-04 

2.232E-02 

14 

18 

a,131E-01 

1.073E-G1 

5.151E-04 

1.837E-02 

6.148E-04 

2.193E-02 

14 

19 

5.394E-01 

7*115E-02 

3-417E-G4 

1.219E-02 

4.079E-04 

1.455E-02 

14 

20 

8.443E-01 

1.114E-01 

5.348E-G4 

1.907E-O2 

6.384E-04 

2.277E-02 

14 

21 

5.228E-01 

6.897E-02 

3. 312E-04 

l,l81E-02 

3-954E-04 

1.410E-02 

14 

22 

7.328E-G2 

9,667E“03 

4.643E-05 

1.656E-03 

5.542E-05 

1.976E-03 

14 

24 

8.016E-01 

1.057E-01 

5.078E-04 

1.811E-02 

6.061E-04 

2 .162E-02 

14 

25 

7.942E-G1 

1.048E-01 

5.031E-O4 

1.794E-Q2 

6.006E-04 

2.142E-02 

14 

26 

7*939E-01 

1.047E“G1 

6.G30E-04 

l,794E-02 

6.004E-04 

2.141E-02 

14 

27 

5.714E-02 

7,537E-G3 

3.620E-05 

l*291E'-03 

4.321E-05 

1.541F-03 

14 

29 

6,9«0E-02 

9.20PE-03 

4,422E-05 

1.577E-03 

5.278E-05 

1.8826-03 

14 

30 

8.209E-01 

1.033E-01 

5.201E-04 

1.855E-02 

6.208E-04 

2.214E-02 

14 

31 

8.673EH31 

l»144E-0l 

5-494E-04 

1.960E-02 

6.559E-04 

2.339fc-02 

14 

32 

l.G38E-Gi 

1 • 369E-02 

6*576E-05 

2.345E-03 

7.849E-05 

2.799E-03 

14 

33 

8.684E-01 

1.146E-01 

5.501E-04 

1.962E-G2 

6.5676-04 

2.342E-02 

14 

34 

8.932E‘01 

1.17aE-01 

5.656E-04 

2-01PE-02 

6.754E-04 

2.4G9E-02 



Tablem 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



^=1.0 

Cu 

”r = 1.0 

*‘r = .85 

Cu 

”r=.85 

14 

35 

5.612E-02 

7.403E-03 

3.555E-05 

1.268E-03 

4.244E-05 

1.514E-03 

14 

37 

8.369E-02 

1.104E-02 

5.302E-G5 

1.891E-03 

6.329E-05 

2.257E-03 

14 

38 

7.619E-01 

1.005E-01 

4.826E-G4 

1.721E-02 

5. 76 IE -04 

2.055E-02 

14 

39 

4*086E-01 

5.393E-02 

2.590E-04 

9.237E-03 

3.G92E-04 

1.103E-02 

14 

40 

8.913E-02 

1.176E“02 

5.646E-05 

2.014E-03 

6.74GE-05 

2.404E-03 

15 

2 

3. 01 5E 401 

1-599E400 

3.427E-02 

4.137E-'02 

4.138E-02 

4 .9966-02 

15 

3 

2.347E+G0 

1.245E-01 

2.668E-03 

3.221E-03 

3.222E-03 

3.889E-03 

15 

4 

2.322E+G1 

l.232E*00 

2.640E-02 

3.187E-02 

3.188E-02 

3 .8486-0 2 

15 

5 

8.977E-01 

4.763E-02 

1.C20E-03 

1.232E-03 

1.232E-03 

1.488E-03 

15 

6 

1.446E+01 

7.670E-01 

1.644E-02 

1.984E-02 

1.985E-02 

2.396E-02 

15 

7 

2.924E401 

1.552E-H)0 

3.324E-02 

4.013EH)2 

4.014E-02 

4.846E-02 

15 

8 

9.761E-K)0 

5.178E-01 

l.llOE-02 

1.339E-02 

1.340E-02 

1.617E-02 

15 

9 

1.917E4G0 

1.017E-01 

2.180E-03 

2.631E-03 

2.632E-03 

3-177E-03 

15 

10 

8.955E+00 

4.751E'01 

1.016E-02 

1.229E-02 

l,229E-02 

1 .4646-02 

15 

11 

8.010E+00 

4. 249E’^1 

9.1O5E-03 

1.099E-02 

1.099E-02 

1.327E-G2 

15 

12 

3.047E+00 

1.617E-431 

3.464E-03 

4-182E-03 

4.183E-03 

5.050E-03 

15 

13 

6,995E*00 

3.711E-01 

7.952E-03 

9.599E-G3 

9.602E-03 

1.159E-02 

15 

14 

1.043E400 

5.636E-G2 

1.186E-03 

1.432E-03 

1.432E-03 

1.729E-03 

15 

16 

4.590E+OG 

2.435E-01 

5.218E-G3 

6.299E-03 

6.301E-03 

7.607E-03 

15 

18 

1.06 2E 401 

5.635E-01 

1.207E~02 

1.458E-02 

1.458E-02 

1.760E-Q2 

15 

19 

1.066£-^01 

5.658E-01 

1.212E-02 

1.463E-02 

1.464E-02 

1.767E-G2 

15 

20 

1.119E+01 

5.937E-01 

1.272E-02 

1.536E-02 

1.536E-02 

1.855E-02 

15 

21 

i-ieaE+oi 

6.269E-01 

1.343E-02 

1.622E-02 

1.622E-02 

1.958E-02 

15 

22 

3.536E-KI0 

1.876E-01 

4.020E“G3 

4.853E-G3 

4.8546-03 

5.8606-03 

15 

23 

1.050E+00 

5.571E-02 

1.194E-03 

1.441E-03 

1.441E-03 

1.740E-03 

15 

24 

7.841E+00 

4.160E-01 

8.913E-03 

1.G76E-02 

1.076E-02 

1 *2996-02 

15 

26 

T.479E+00 

3.968E-01 

e.501E-03 

1.026E-02 

1.027E-02 

1.239E-02 

15 

27 

1.797E+00 

9.534E-02 

2.043E-03 

2.466F—G3 

2.4676-03 

2.978E-G3 

15 

28 

1.421E+00 

7.541E-02 

1.616E-03 

1.951E-03 

1.951E-03 

2.355E-03 

15 

30 

7.496E+00 

3-978E-01 

6.524E-03 

I.G29E-02 

1.G29E-02 

1.243E-02 

15 

31 

7.050E+0G 

3.740E-01 

8.014E-03 

9.675E-03 

9.678E-03 

1. 1686-02 

15 

32 

1.243E+G0 

6.597E-02 

1.413E-03 

1.7G6E-03 

1.7G7E-03 

2 .061E— 03 

15 

34 

5.454E+00 

2.893E-01 

6.20QE-03 

7.4B4E-03 

7.487E-03 

9.038E-03 

15 

35 

1.341E+00 

7.113E-G2 

1.524E-03 

1.840E-03 

I.840E-03 

2.222E-03 



Tabled 

HEAT transfer DATA (Cont.) 


RUN 

GAGE 



*'r= 1.0 

Cu 

”r=1.0 

**r=.85 

Cu 

”r = .85 

15 

36 

B.702E-01 

6.617E-02 

9.892E-06 

1.196E-03 

1.1956 -03 

1.662E-03 

15 

38 

8.655E+00 

6.686E-01 

9.611E-03 

1.1606-02 

1.161E-G2 

1.601E-O2 

15 

39 

7.096E+00 

3.766E-01 

8.065E-03 

9.7366-03 

9.7396-03 

1.1766-02 

15 

60 

1.636E+0D 

8.671E-02 

1.858E-03 

2.2636-03 

2.266E-03 

2.7096-03 

15 

61 

6.71 6E +00 

2.501E-G1 

5.3586-03 

6. 6686-03 

6.670E-03 

7.811E-03 

15 

62 

1.251E+00 

6.635E'^2 

1.622E-03 

1.716E-03 

1.717E-G3 

2.0726-03 

15 

63 

1.23&E+00 

6.568E-02 

1.607E-03 

1.6996-03 

1. 6996-03 

2.051E-03 

16 

2 

3.288E+01 

1.660E+00 

2.023E-02 

1. 1286-01 

2.613E-02 

1.346E-0I 

16 

3 

1.668E+0G 

8. 3266-02 

1.026E-03 

5.726E-03 

1. 2256-03 

6 •8336-03 

16 

6 

2.802E+01 

1.3986+00 

1.7266-02 

9.618E-02 

2.0576-02 

1.1686-01 

16 

5 

8.830E-01 

6.6066—02 

5.6336-06 

3.G31E-03 

6.6B2E-06 

3.6166-03 

16 

6 

1.980E+01 

9.831 E-01 

1.218E-02 

6.7976-02 

1.6546-02 

8.110E-G2 

16 

7 

3.250E+01 

1.6216+00 

1.999E-02 

1.1156-01 

2.386E-02 

1.331 E-01 

16 

8 

1.669E401 

7.330E-01 

9.038E-03 

5.0626-02 

1.0786-02 

6,0176-02 

16 

9 

2.285E+00 

1.160E-01 

1.6G6E-03 

7.8636-03 

1.6776-03 

9. 3586-03 

16 

10 

1.276E+01 

6-365E-01 

7. 8686-03 

6.3786-02 

9.366E-03 

5.2266-02 

16 

11 

1.303E^01 

6.502E-GI 

8.017E-03 

6.6736-02 

9.5666-03 

5.3376-02 

16 

12 

1.2666+01 

6. 2156-01 

7.666E-03 

6.276E-02 

9.166E-03 

5.102E-02 

16 

13 

8.iGlE+00 

6.0626-01 

6.986E-03 

2.7806-02 

5.967E-03 

3.318E-02 

16 

16 

1 .6726+00 

8.366E-02 

1.029E-03 

5.7606-03 

1.228E-03 

6.869E-03 

16 

15 

2.090E-01 

1 .0636-0 2 

1.286E-06 

7.176E-06 

1.536E-06 

8.560E-06 

16 

16 

5.285E+0G 

2.637E-01 

3.2526-03 

1.8166-02 

3.8806-03 

2.165E-02 

16 

17 

3.3996+01 

1.696E+00 

2.091E-D2 

1.1676-01 

2.695E-02 

1.392E-01 

16 

18 

1.267E+01 

6. 326E-01 

7.7976-03 

6.3506-02 

9.303E-03 

5.1906-02 

16 

19 

7.1396+00 

3.562E-G1 

6. 392E— 03 

2.6506-02 

5.2616-03 

2. 9266-02 

16 

20 

1.366E+01 

6.706E-G1 

8. 2666-03 

6.6126-02 

9.863E-03 

5.503E-02 

16 

21 

6.6536+00 

2.222E-01 

2.760E-03 

1.5296-02 

3.2696-03 

1. 8266-02 

16 

22 

7. 2086+00 

3.597E-01 

6.6356-03 

2.6766-02 

5.291E-03 

2.9526-02 

16 

23 

1.8676+00 

9.316E-02 

1.169E-03 

6. 6086-03 

1.3716-03 

7.6676-03 

16 

26 

1.602E+01 

7.991E-01 

9.853E-03 

5.6976-02 

1.1766-02 

6.5596-02 

16 

25 

2.0336-0 1 

1.016E-02 

1.251E-06 

6. 9796-06 

1.693E-06 

8.327E-06 

16 

26 

1.236E+01 

6.1666-01 

7,6036-03 

6.2626-02 

9.0726-03 

5.0616-02 

16 

27 

6.6656+00 

2. 2186-01 

2.736E-03 

1.5266-02 

3,2636-03 

1.8206-02 

16 

28 

1,6576+00 

9. 2676-02 

1,1636-03 

6.3756-03 

1, 363E-03 

7.6076-03 



Tablem 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



•*r = 1.0 

“r= 1-0 

**r = .85 

Cu 

”r = .85 

16 

29 

1.831E-01 

9,137E“03 

1.127E-04 

6.2R5E-04 

1* 344E— 04 

7.499E-04 

16 

3G 

1.006E«01 

5-022E-G1 

6.192E-03 

3.454E-02 

7.388E-03 

4.122E-G2 

16 

31 

6.728£>OG 

4*355E-0l 

5.370E-03 

2.996E-02 

6,407E-03 

3,575E-02 

16 

32 

1.831E-fOO 

9.135E-02 

1.126E-03 

6.284E-03 

1.344E-03 

7,498E-03 

16 

34 

9»477E-KiG 

4.729E-01 

5.831E-03 

3,253E-02 

6,95TE-03 

3.881E-02 

16 

36 

3.130E+00 

1.562E-01 

1.926E-03 

1.074E-G2 

2,298E-G3 

1.282E-02 

16 

36 

1.57lfc*00 

7.838E-02 

9.664E-04 

5.392E-03 

1.153E-03 

6.433E-03 

16 

37 

1.733E-01 

8.646E-03 

1.066E-04 

5.948E-04 

l,272E-04 

7,097E-04 

16 

38 

3.972E+00 

1.982E-G1 

2.444E-03 

1.363E-02 

2,916E-03 

1 ,6276-02 

16 

39 

4.117E-H)0 

2.054E-GI 

2.B33E-G3 

1.413E-02 

3.G22E-03 

1.686E-02 

16 

40 

1.009E+00 

5.037E-02 

6.210E-04 

3.465E-03 

7.410E-04 

4*134E— 03 

16 

41 

1.893E+00 

9. 447 E -02 

1.165E-03 

6.499E-03 

l,390E-03 

7,754E-03 

16 

42 

1.159E+00 

5.781E-02 

7.128E-04 

3.977E-03 

8,506E-O4 

4,745E-03 

16 

43 

9.729E-01 

4.855E-G2 

5-9e6E-04 

3.334E-03 

7. 142E-04 

3.985E-03 

17 

2 

1.130E+01 

1.330E+00 

6.671E-03 

2.275E-01 

7.955E-03 

2.713E-01 

17 

3 

4.424E-G1 

5.206E-02 

2.611E-04 

8.9G5E-03 

3.114E-G4 

1.062 E-02 

17 

4 

1.029E+G1 

1.211E+00 

6.072E*03 

2.071E-01 

7.242E-03 

2.470E-01 

17 

5 

2,205E-G1 

2.B95E-02 

1.302E-04 

4.439E-03 

1.552E-04 

5.294E-03 

17 

6 

7. 35 RE *00 

8 •66GE— 01 

4* 343E-03 

1,481E-01 

5,179E-03 

1.767E-01 

17 

7 

X.201E+01 

1.413E+00 

7.087E-Q3 

2.417E-01 

8.452E-03 

2.883E-01 

17 

8 

5.366E*00 

6.317E-01 

3.168E-03 

1.081E-01 

3,77eE-03 

1.289E-Gl 

17 

9 

8.336E-01 

9.810E-02 

4.92DE-G4 

1.678E-02 

5.867E-04 

2.001E-02 

17 

10 

4,916E-K)G 

5.785E-01 

2.9D1E-03 

9.R96E-C2 

3.460E-03 

1.180E-01 

17 

11 

5.036E+00 

5#927E-01 

2*972E-03 

1.014E-01 

3*545E-03 

1.209E-G1 

17 

12 

4.867E+00 

5 ♦ 728 E -01 

2*673E-03 

9.799E-02 

3.426E-03 

1.169E-01 

17 

13 

2.916t+00 

3.432E-01 

1.721E-03 

5.P71E-02 

2.G53E-03 

7.0Q1E-02 

17 

14 

6.145E-01 

7.232E-02 

3.627E-04 

l*237E-02 

4.325E-04 

1.475E-02 

17 

16 

6.806E-02 

6.833E-03 

3.427E-G5 

1.169E-03 

4.086E-05 

1.394E-03 

17 

16 

4.385E+00 

5.161E-01 

2.568E-03 

8.828E-02 

3.087E-03 

1.053E-01 

17 

17 

7-450E+00 

8.768E-01 

4. 397E-G3 

1.500E-G1 

5.244E-G3 

1.789E-01 

17 

Id 

3.69aE4G0 

4.343E-01 

2,178t-a3 

7.429E-02 

2.597E-03 

8.859E-02 

17 

19 

1.688E+00 

1.986E-01 

9.962E-04 

3.398E-02 

l,188E-03 

4.052E-02 

17 

20 

3.989E+00 

4»694E— 01 

2*354E-03 

8.030E-02 

2.807E-G3 

9.576E-02 

17 

21 

1.49TE+00 

1.762E-01 

8.835E-G4 

3.014E-G2 

1.054E-03 

3.594E-02 



Table 3ZL 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



**r=1.0 

Cu 

”r = 1.0 

**r = .85 

C|j 

"f = .85 

17 

22 

2.462E-*-00 

2.897E-G1 

1.453E-03 

4.956E-02 

1.733E-03 

5.910E-02 

17 

23 

6.914E-01 

8.136E-02 

4.080E-04 

1.392E-02 

4.866E— 04 

1.660 E-02 

17 

24 

3*910E+00 

4.602E-01 

2.308E-03 

7.B71E-02 

2.752E-03 

9.387E-02 

17 

25 

4.8B1E-02 

S.7A5E~03 

2.881E-05 

9.827E-04 

3.436E-05 

1.172E-03 

17 

26 

3.793E+00 

4.464E'01 

2.239E-03 

7.635E-D2 

2.670E-03 

9. 106 E-02 

17 

27 

2.120E+00 

2.49&E-01 

1.251E-03 

4.269E-02 

1.492E-G3 

5.091E-02 

17 

28 

6-915E-01 

8.138E-02 

4.081E-G4 

1.392E-02 

4.867E-04 

1.660E-02 

17 

29 

5,796E-02 

6.822E-03 

3.421E-05 

1.167E-03 

4.080E-05 

1.392E-03 

17 

30 

3*906E+00 

4.596E~01 

2.305E-03 

7.863E-02 

2.749E-03 

9.377E-02 

17 

31 

4.140E+00 

4.B72E-01 

2.443E-03 

8.334E-02 

2.914E-03 

9.939E-G2 

17 

32 

6.135E-01 

7*22lE-02 

3.621E-04 

1.235E-02 

4.318E-04 

1.473E-02 

17 

33 

4.411E-02 

5.191E-03 

2.6Q3E-05 

8.880E-04 

3-105E-05 

1.0S9E-03 

17 

34 

4.194E*00 

4.936EM)1 

2.476E-03 

B.444E-02 

2.952E-03 

1.007E-01 

17 

35 

2.136E400 

2.514E-01 

1.261E-03 

4.300E-G2 

1.503E-03 

5.128E-02 

17 

36 

5.796E-01 

6.822E-02 

3.421E-04 

1.167E-02 

4.080E-04 

1.392 E-02 

17 

38 

4.223E-K)0 

4.970E-G1 

2.492E-03 

8.501E-02 

2.972E-03 

1.014E-01 

17 

39 

1.335E+00 

1*571E-01 

7.879E-04 

2.688E-02 

9.396E-04 

3.205E-02 

17 

40 

8.604E-01 

1*013E-01 

5.078E-04 

1.732E-02 

6.05 6E -04 

2.066E-02 

17 

41 

1.676E+00 

l.972E-01 

9.a92E-04 

3.374E-02 

1.180E-03 

4.024E-02 

17 

42 

6,PlGE-Ol 

ft.015E-02 

4.020E-04 

1.371 E-02 

4.794E-04 

I.635E-02 

17 

43 

5.501E-O1 

6.474E-02 

3.247E-04 

1.107E-G2 

3.872E-04 

1.321E-02 

18 

2 

9.133E+00 

1,092E^00 

5.380E-03 

1.908E-01 

6.417E-G3 

2.275E-01 

18 

3 

7.353E-GI 

8.788E-02 

4.332E-04 

1.536E-02 

5.166E-04 

1.832E-02 

18 

4 

7.025E+00 

8.395E-01 

4.138E-03 

1.467E-01 

4.935E-03 

1.750E-01 

18 

5 

4.194E-01 

5,0l3E-02 

2.471E-04 

8.761E-03 

2.947E-04 

1.045E-02 

18 

6 

4.832E+00 

5.775E-01 

2.847E-03 

1.009E-01 

3.395E-03 

1.2Q4E-01 

18 

7 

8.875E+00 

1.061E+00 

5.228E-03 

1.854E-01 

6.235E-03 

2.211E-01 

18 

8 

3.105E+O0 

3.711E-01 

1.829E^3 

6.486E-02 

2.182E-03 

7.735E-02 

18 

9 

1.234E-01 

1 .475 E-02 

7.270E-05 

2.578E-03 

8.670E-05 

3.074E-03 

18 

10 

2.983E+00 

3.565E-01 

1.757E-03 

6.231E-02 

2.096E-03 

7.431E-G2 

13 

11 

2-852E-HJ0 

3.408E-01 

1.680E-03 

5.957E-02 

2.004E-G3 

7.104E-02 

18 

12 

2.866E+00 

3.425E-01 

1.668E-03 

5.985E-G2 

2.013E-03 

7.138E-02 

18 

13 

6.1G0E-01 

7. 290 E-02 

3.593E-04 

1.274E-02 

4.285E-04 

1.519E-02 

13 

14 

6,130E-02 

7.325E-03 

3.611E-05 

1.280E-03 

4.306E-G5 

1.527E-03 



Tablem 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 

< 

V^o 

*’r=1.0 

Cm 

”r = 1.0 

•'?= .85 

Cu 

”r = .85 

IB 

15 

4.249E-^2 

5.078E~03 

2.503E-05 

8.875E-04 

2*9856-05 

1.058E-03 

18 

16 

3.140E+00 

3.752E-GI 

1,8506-03 

6.55RE-02 

2.206E-03 

7.8216-02 

18 

17 

4.355E+00 

5,205E-01 

2.566E-03 

9,0976-02 

3.G60E-03 

1.0856-Gl 

18 

18 

2.238E*00 

2.675E-01 

1,3196-03 

4.675E-02 

1.5736-03 

5.576E-02 

18 

19 

1.948E+00 

2.328E-01 

1.148E-03 

4.069E-02 

1.369E-03 

4.8536-02 

18 

20 

2.382E+00 

2.8A7E-01 

l,404E-03 

4.976E-02 

1.074E-G3 

5. 9346-02 

18 

21 

1.527E+00 

1-825E-01 

8.997E-04 

3. 190E-02 

1.G73E-03 

3.804E-02 

IS 

22 

4.G91E-01 

4.890E~02 

2.4X0E-04 

8,546E-03 

2,8746-04 

1.019E-02 

18 

23 

5.916E-02 

7.G70E-G3 

3.4856-05 

1.236E-03 

4.1566-05 

1.4746-03 

18 

24 

2,836E*00 

3.389E-01 

1.671E-03 

5.923E-02 

1.992E-03 

7.064E-02 

18 

25 

4.600E-02 

5.497E-03 

2.710E-05 

9.6G7E-04 

3.2316-05 

1.146E-03 

18 

26 

2.728E+00 

3.260E-01 

1.6G7E-03 

5.697E-02 

1. 9166 -03 

6.7956-02 

18 

27 

3.835B-01 

4.583E'02 

2,259E-G4 

8.0116-03 

2.6946-04 

9.5536-03 

18 

28 

9.234E-02 

1.1G4E-02 

5.440E-05 

1.929E-G3 

6.4B7E-05 

2.3006-03 

18 

29 

3#896E-02 

4.656E-03 

2.2956-05 

8.1386-04 

2,7376-05 

9.705E-04 

18 

30 

2.63TE+00 

3*152E-G1 

1.5536-03 

5.508E-02 

1.853E-03 

6.5696-02 

18 

31 

2.615E+00 

3.125E-G1 

1.540E-G3 

5.461E-02 

1.837E-03 

6.5136-02 

18 

32 

5,424E-02 

6.482E-03 

3.193E-05 

1.133E-03 

3.811E-05 

1.3516-03 

18 

33 

8-006E*-02 

9.567E-03 

4.716E-05 

1.672E-03 

5.624E-05 

1.994E-03 

18 

34 

2.797E+00 

3.343E-01 

1.6486-03 

5. 8436-02 

1.965E-03 

6.968E-02 

18 

35 

4.098E-01 

4.897E-02 

2.414E-04 

P. 5596-03 

2.6796-04 

1.021E-02 

18 

36 

6.379E-02 

8.221E-03 

4.053E-G5 

1.4376-03 

4.8336-05 

1.7146-03 

18 

37 

9.187E-02 

1.098E-G2 

5.412E-05 

1.919E-03 

6.455E-G5 

2. 2886-03 

18 

38 

2.872E+00 

3*432E-G 1 

1.6926-03 

5.999E-02 

2.018E-03 

7.154E-02 

18 

39 

1.G31E+00 

1 .232E-01 

6.074E-04 

2.1546-02 

7.244E-04 

2.5686-02 

IB 

40 

2.540E-01 

3*035E-02 

1.496E-04 

5.305E-03 

1.784E-04 

6.327E-03 

18 

41 

1<,998E-01 

2.387EHj2 

1.177E-04 

4,1726-03 

1.403E-04 

4.976E-03 

18 

42 

6*B88E-02 

8.231E-G3 

4.058E-05 

1.4396-03 

4.839E-G5 

1.716E-03 

IS 

43 

4.824E-02 

5.765E-03 

2.842E-05 

1.G08E-03 

3.389E-G5 

1.202E-03 

19 

4 

3.775E^00 

1. 7506 -01 

2.2836-03 

1.145E-02 

2.72 3E -03 

1.366E-02 

19 

5 

1.666E-01 

7.725E-03 

1.007E-04 

5.054E-04 

1.2026-04 

6.0296-04 

19 

6 

9.301E+00 

4. 3 136-01 

5.625E-03 

2.8226-02 

6.709E-03 

3.366E-02 

19 

7 

l*793E-01 

8. 3126-03 

I.084E-04 

5. 43 PE-04 

1.2936 -04 

6.487E-04 

19 

8 

1.263E*01 

5 • 058E-O 1 

7.640E-G3 

3.833E-02 

9.114E-03 

4.572 E-02 



Tablem 

HEAT TRAWSFER DATA (Cont.) 


RUN 

GAGE 

19 

9 

19 

10 

19 

11 

19 

12 

19 

13 

19 

14 

19 

15 

19 

16 

19 

17 

19 

18 

19 

19 

19 

20 

19 

21 

19 

22 

19 

23 

19 

24 

19 

25 

19 

26 

19 

27 

19 

28 

19 

29 

19 

30 

19 

31 

19 

32 

19 

33 

19 

34 

19 

35 

19 

36 

19 

37 

19 

38 

19 

39 

19 

40 

19 

41 

19 

42 

19 

43 


X. 063 E +00 

1 .A 99 E +01 

1 . 362 E +01 

7 * 833 E +00 

5 . 544 E +00 

1 . 996 E +00 

2 - 145 E -01 

2 * 641 E +01 

3 .BB 8 E-K)G 

1 . 186 E-KJ 1 

5 . 086 E +00 

1 . 219 E +01 

6 . 538 E +00 

6*82 lE+GO 

1 . 985 E +00 

1 . 319 E +01 

2 . 149 E -01 

1 . 278 E +01 

1 . 160 E +01 

1 . 965 E +00 

1.8B2E-01 

1 . 334 E +01 

1 . 417 E +01 

1 . 776 E+G 0 

2 . 879 E -01 

1 . 346 E 401 

4 . 941 E +00 

1 * 7988+00 

1 . 839 E -01 

1 . 524 E+ 0 X 

7 . 462 E +00 

3 . 780 E +00 

6 . 233 E +00 

1 . 680 E+ 0 Q 

X. 47 XE +01 


4 * 9308-02 

6 . 951 E-GI 

6 . 3 X 7 E- 0 X 

3 * 632 E -01 

2 . 570 E-GX 

9 * 256 E -02 

9 . 946 E -03 

1 . 224 E +00 

X. 803 E-GX 

5 . 498 E-GX 

2 , 358 E-OX 

5 . 652 E -01 

3 *G 31 E -01 

3 . 163 E -01 

9 . 204 EH 32 

6 .XX 7 E-GX 

9 . 964 E -03 

5 . 924 E- 0 X 

5 . 378 E- 0 X 

9 . 1 X 3 E -02 

B. 726 E-G 3 

6 . 186 E -01 

6 . 571 E -01 

8 * 234 E -02 

1 . 335 E -02 

6 - 242 E- 0 X 
2 . 29 XE- 0 X 
8 - 3388-02 
8 . 525 E -03 

7 - 064 E- 0 X 

3 - 460 E -01 
1 .T 53 E- 0 X 
2 . 890 E-OX 
7 . 792 E -02 
6 . 822 E -01 


*’r == 1.0 

6 . 429 E -04 
9 - 066 E — 03 
8 . 238 E -03 
4 . 737 E -03 
3 . 352 E -03 
X. 207 E-G 3 
X. 297 E -04 
X .5 97 E -02 

2 - 35 XE -03 
7 . 17 XE -03 

3 - 076 E-O 3 

7 - 371 E -03 
3 . 953 E -03 
4 . 125 E -03 
X. 200 E -03 
7 . 978 E -03 
X. 299 E -04 
7 . 726 E -03 
7 . 0 l 3 fc -03 
X- 189 E -03 
X.X 38 E -04 

8 - 068 E -03 
8 . 570 E-G 3 
X-G 74 E -03 
X.T 4 XE -04 
8 .X 40 E -03 

2 - 988 E -03 
1 . 087 E-O 3 

1 - 112 E -04 
9 . 213 E -03 
4 . 5 X 2 E -03 

2 - 286 E -03 

3 - 769 E ^03 
X.OXfcE -03 
8 . 897 E -03 


Cl| 

”r=1.0 

3 . 22 fcE -03 
4 . 548 E -02 
4 . 133 E -02 
2 . 376 E -02 

1 - 682 E -02 
6 - 056 E -03 
6 . 5 D 7 E -04 
8 . 011 E -02 
X. 179 E -02 
3 . 597 E -02 
X. 543 E -02 

3 - 698 E -02 

1 - 983 E -02 
2 . 069 E -02 
6 - 022 E -03 

4 - 002 E -02 
6.5X9E-04 
3 . 876 E -02 
3 . 5 X 8 E -02 
5 . 963 E '-03 

5 - 70 «»E -04 
4 . 047 E -02 
4 . 299 E -02 
5 . 387 E -03 
8 - 735 E -04 

4 - 084 E -02 
X- 499 E -02 

5 - 454 E — 03 
5 - 578 E — 04 
4 . 622 E -02 

2 - 26 AE -02 
1 .X 47 E -02 
X- 89 XE -02 
5 . 098 E -03 

4 - 463 E -02 


7 . 670 E -04 

X- 08 XE *-02 

9 - 827 E -03 

5 - 650 E -03 

3 . 999 E -03 

X. 44 GE -03 

X. 547 E -04 

X. 905 E -02 

2 - 804 E -03 

8 - 554 E — 03 

3 . 669 E -03 

8 . 793 E -03 

4 . 716 E -03 

4 . 920 E -03 

1 . 432 E -03 

9 . 5 X 7 E-G 3 

X. 550 E -04 

9 . 2 X 6 E -03 

8 . 366 E -03 

1 - 4 I 8 E -03 

1 - 358 E -04 

9.624E-03 

1 - 022 E -02 

1- 28 XE -03 
2 . 077 E -04 
9 . 7 X 0 E -03 
3 . 5 A 4 E -03 
1 . 297 E -03 
1 . 326 E -04 
1 . 099 E -02 
5 . 382 E -03 

2 - 727 E -03 
4 . 496 E -03 
I. 2 X 2 E -03 
1 - 061 E -02 


Ou 

”r = .85 

3 - 848 E -03 
5 . 425 E -02 
4 . 930 E -02 
2 - 835 E -02 
2 - 006 E -02 
7 . 224 E -03 
7 - 762 E -04 
9 . 557 E -02 
X. 407 E -02 
4 . 291 E “02 
X - 841 E-G 2 
4 . 4 X 1 E -02 
2 . 366 E -02 
2 . 468 E -02 
7 - 183 E -03 
4 . 774 E -02 
7 . 777 E -04 
4 . 623 E -02 
4 . 197 E -02 
7 . 113 E -03 
6 . 8 IOE -04 
4 . 828 E-G 2 

5 - X 29 E -02 

6 - 427 E -03 
X. 042 E -03 
4 . 8 71 £-02 
X. 788 E -02 
6 . 506 E -03 
6 . 654 E -04 
5 . 5 X 3 E -02 
2 . 700 E -02 
1 . 363 E -02 
2 . 256 E -02 
6 * 081 E —03 
5 . 324 E -02 



Table SL 

HEAT TRANSFER DATA (Cent.) 


RUN 

GAGE 



W»1.0 

C|j 

"r = 1.0 

*'r=.85 

Cu 

”r = .85 

19 

44 

1.618E+01 

7.500E-01 

9.7alE-03 

4.907E-02 

1.167E-02 

5.854E-02 

19 

51 

3*824E+01 

1.773E+00 

2.313E-G2 

1.160E-01 

2.759E-02 

1.3B4E-01 

19 

52 

3.642E+01 

1.689E+00 

2v202E-02 

1.105E-01 

2. 6276-02 

1.318E-01 

20 

4 

1.404E400 

1.696E-01 

8.365E-04 

2.939E-02 

9.977E-04 

3.505E-02 

20 

5 

4.641E-02 

5 ,6066 -03 

2.765E-05 

9.715E-04 

3.298E-05 

1.159E-03 

20 

6 

3,0ti9E+0G 

3.731E-01 

l.e40E-03 

6. 4656-02 

2.195E-03 

7.711E-02 

20 

7 

3.G80E-02 

3*720E-03 

1.835E-G5 

6.446E-04 

2.188E-G5 

7-6B9E-04 

20 

B 

4. 24 8 E +00 

5*131E-01 

2^1E-03 

8.891E-02 

3.018E-03 

1.060E-01 

20 

9 

5-139E-01 

6.207E-02 

3.062E-04 

1.076E-02 

3 .6526—04 

1. 2836-02 

20 

10 

4,303E+00 

5.198E-01 

2.564E-03 

9.007E-02 

3.058E-03 

1. 0746-01 

20 

11 

3.575E+00 

4,318E-01 

2.130E-03 

7.4B3E-02 

2.540E-03 

8.925E-02 

20 

12 

3.965E+00 

4.813E-01 

2.374E-03 

8.340E-02 

2.831E-03 

9.948E-02 

20 

13 

2.602E+00 

3.1426-01 

1.550E-03 

5.445E-02 

1.849E-03 

6.4956-02 

20 

14 

6,281c"Gl 

7.588E-G2 

3.743E— 04 

1.315E-02 

4.464E-04 

1.568E-02 

20 

15 

4.777E-02 

5.77GE-03 

2.846E-05 

9.999E-04 

3.395E-05 

1.193E-03 

20 

16 

5.627E+00 

6.796E-01 

3.352E-03 

1.1786-01 

3.99BE-03 

1.405E-01 

20 

17 

4.033E+00 

4.e71E-0l 

2.403E-03 

8.442E-02 

2.866E-03 

1.007E-01 

20 

16 

4.039E+00 

4. 8786-01 

2. 4066-03 

B.454E-02 

2.870E-03 

1.008E-G1 

20 

19 

2.260E+00 

2.730E-01 

1.347E-03 

4.T32E-02 

1.606E-03 

5.6436-02 

20 

20 

4-219E+00 

5.096E-01 

2.513E-03 

P.P30E-02 

2.998E-03 

1.053E-01 

20 

21 

2. 4446 +00 

2.953E-01 

1.456E-03 

5. llTE-02 

1.737E-03 

6.1036-02 

20 

22 

2-181E+00 

2.6346-01 

1.299E-03 

4.565E-02 

1.550E-G3 

5 .444E-02 

20 

23 

6*386E“0 1 

7.714E-02 

3.805E-04 

1.337E-02 

4.538E-G4 

1.594E-02 

20 

24 

4.776E-K)0 

5.769E-01 

2.845E-03 

9.O97E-02 

3.394E-03 

1. 1926-01 

20 

25 

4.612E-02 

5.571E-03 

2.748E-05 

9.6546-04 

3.277E-05 

1.151E-03 

20 

26 

4.391E+00 

5.3036-01 

2.616E-03 

9.190E-02 

3.1206-03 

1.096E-01 

20 

27 

2-465E+00 

2.977E-01 

1-468E-03 

5.159E-02 

1.T51E-03 

6.1536-02 

20 

28 

6*512E-01 

7.866E-02 

3.8806-04 

1.363E-02 

4.627E-04 

1.6266-02 

20 

29 

5-818E-02 

7.0276-03 

3.466E-Q5 

1.218E-03 

4.134E-05 

1. 4526-03 

20 

30 

4.696E+00 

5.672E-01 

2. 7966-03 

9.8296-02 

3.337E-03 

I.172E-01 

20 

31 

4.873E+00 

5.885E-01 

2.903E-O3 

1.020E-O1 

3.462E-03 

1.2166-01 

20 

32 

6.269E-0 1 

7.5T2E-02 

3.735E-04 

1.312E-02 

4.455E-04 

1.565E-02 

20 

33 

8.133E-02 

9.824E-03 

4.845E-05 

1.702E-03 

5.779E-05 

2.0306-03 

20 

34 

5.700E+00 

6.884E-01 

3.3966-03 

1.193E-G1 

4.050E-03 

1. 4236-01 



TableM 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 

< 


•’r 1.0 

o 

X 

II 

b 

**r=.85 

Cm 

"r = .85 

20 

35 

2.849E+00 

3.441E-01 

1.697E-03 

5.963E-02 

2.0246-03 

7.112E-02 

20 


4.536E-01 

5.479E-02 

2.703E-04 

9.495E-03 

3.224E-04 

L.133E-02 

20 

37 

9.586E-02 

1 . 158E-G2 

5.711E-05 

2.006E-03 

6.8126-05 

2 .3936-03 

20 

3f> 

4.013E+00 

4.847E-01 

2.391E-G3 

B.399E-02 

2.851E-03 

1.002E-01 

20 

39 

2.820E4CIG 

3.406E-O1 

1.680E-03 

5.902E-02 

2.0046-03 

7.039E-02 

20 

40 

9.79 2E^1 

1.183E-01 

5.834E-04 

2.050F-02 

6.9586-G4 

2.445E-02 

20 

41 

1.554E+00 

1.877E-01 

9.258E-04 

3.253E-02 

1.104E-03 

3.8796-02 

20 

42 

7.040EM>1 

8 . 503E-02 

4.194E-04 

1.4746-02 

5.002E-04 

1.7576-02 

20 

43 

5.133E4-00 

6.200E-01 

3.058E-03 

1.074E-01 

3.648E-03 

1.2826-01 

20 

44 

5.520E+00 

6.668E-01 

3.269E~03 

1.156E-01 

3.923E-03 

1.3786-01 

20 

51 

1.420E<K>1 

1.715E+00 

8.460E-03 

2.972E-01 

1.009E-G2 

3.5456-01 

21 

4 

2.G21E-01 

9.580E-03 

1.227E-04 

6.399E-04 

1.464E-04 

7.6356-04 

21 

5 

2.089E-01 

9.904E-O3 

1.269E-04 

6.616E-04 

1.514E-04 

7.893E-04 

21 

6 

2.598t-Ol 

1.232E-02 

1.5766-04 

8.2276-04 

1.8B3E-04 

9.816E-04 

21 

7 

2.9G4E-01 

1.377EH52 

1. 7646-04 

9.196E-04 

2. 104E-04 

1.0976-03 

21 

e 

3.333E-01 

1.5e0E-O2 

2.O24E-04 

1.G55E-03 

2.4156-04 

1.259E-03 

21 

9 

3-206E-O1 

1.520E-02 

1.947E-04 

1.015E-03 

2. 32 36 -04 

1.2116-03 

21 

10 

3.606E-01 

1.71QE-02 

2.190E-04 

1.142E-03 

2.613E-G4 

1.3636-03 

21 

11 

3.373E-01 

1.599E-02 

2.049E-04 

1.068E-03 

2.444E-04 

1.274E-03 

21 

12 

4.099E-01 

1.943E-02 

2.4906-04 

1.298E-03 

2.970E-04 

1.5496-03 

21 

13 

6.616E-01 

3. 136E-02 

4.0196-04 

2.095E-03 

4.794E-04 

2.500E-03 

21 

14 

4.227E-01 

2 .0046-02 

2.5686-04 

1.339E-03 

3.063E-04 

1.597E-03 

21 

15 

5.278E-01 

2.502E-02 

3.206E-04 

1.671E-03 

3.825E-04 

1.994E-03 

21 

16 

5.272E-G1 

2 .499E-02 

3.2026-04 

1.670E-03 

3.8216-04 

1.992E-03 

21 

17 

4.404E-01 

2.0B8E-02 

2.675E-04 

1.395E-03 

3. 1926-04 

1.6646-03 

21 

18 

4.922E-01 

2.334E-02 

2.990E-04 

1.5596-03 

3.567E-04 

1.8606-03 

21 

19 

2.879E-01 

1.365E-02 

1.749E-04 

9. 116E-04 

2.086E-04 

1.0886-03 

21 

20 

4.978E-01 

2 . 36GE-02 

3.0246-04 

1. 577E-03 

3.608E-04 

1.8816-03 

21 

21 

2.973E-01 

1.409E-02 

1 .8066-04 

9. 4146-04 

2.154E-04 

1.123E-03 

21 

22 

6.501E-01 

3.082E-02 

3.949E-04 

2.059E-03 

4.71 IE -04 

2 .4566-03 

21 

23 

4.942E-01 

2.343E-02 

3.002E-04 

1.565F-03 

3.582E-04 

1.8676-03 

21 

24 

5.249E-01 

2.488E-02 

3.1886-04 

1. 6626-03 

3.804E-04 

1 .9836-03 

21 

25 

7.597E-01 

3.6G2E-02 

4.6 15E-04 

2.406E-03 

5.5G6E-04 

2. 8706-03 

21 

26 

5.844E-01 

2.771E-02 

3.5506-04 

1.851E-03 

4.235E-04 

2.208E-03 



Tablem 

HEAT TRANSFER DATA (Cont-> 


RUN 

GAGE 

Rw 


•*r=1.0 

Cti 

1-0 

^=.85 

Cu 

”r = -85 

21 

27 

8.522E-01 

4.040E-02 

5.177E-04 

2.699E-03 

6.176E-04 

3.220E-O3 

21 

28 

6.509E-01 

3.086E-02 

3.954E-04 

2.061E-03 

4.717E-04 

2.459E-03 

21 

29 

6.611E-01 

3.134E-02 

4.016E'“04 

2.094E-03 

4.791E-04 

2.498E-03 

21 

30 

7.118E-01 

3.375E-02 

4.324E-04 

2.254E-03 

5.159E-04 

2.690E-03 

21 

31 

6,974E-01 

3.306E-02 

4.236E-04 

2.209E-03 

5.054E-04 

2.635E-03 

21 

32 

7.547E-01 

3.578E-G2 

4.585E-04 

2.390E-03 

5.470E-04 

2.852E-03 

21 

33 

2 *4826*00 

1.177E-01 

1.5G7E-03 

7.R59E-03 

1.799E-03 

9.377E-03 

21 

34 

1.344E*00 

6,373E-G2 

8.165E-04 

4.257E-03 

9.741E-04 

5.079E-03 

21 

35 

X.157E+00 

5*486EH)2 

7.029E-G4 

3.665E-03 

8.386E-04 

4.372E-03 

21 

36 

9.622E--01 

4.562E-02 

5.845E-04 

3.047E-03 

6.974E-04 

3.636E-03 

21 

37 

1.287E+00 

6.103E-02 

7.820E-04 

4.077E-03 

9.329E-04 

4.864E-03 

21 

38 

3.127E+00 

1 *483E"^31 

1.900E-03 

9.9G3E-03 

2.266E-03 

I.182E-02 

21 

39 

3.500E+00 

1. 6596-01 

2.126E-03 

1.108E-02 

2.536E-03 

1.322E-02 

21 

40 

1.851E+00 

8.773E-02 

1.124E-03 

5.861E-03 

1.341E-03 

6.992E-03 

21 

41 

1.302E+0G 

6-173E-G2 

7.910E-04 

4.124E-03 

9.437E-04 

4.920E-03 

21 

42 

1*192E'K10 

5.649E-02 

7.236E-04 

3.774E-03 

C.636E-04 

4.502E-03 

21 

43 

1. 0706*0 1 

5.071E-01 

6.497E-03 

3.387E-02 

7.751E-03 

4.041E-G2 

21 

44 

3.044E+01 

1-443E+00 

1.849E-02 

«».639E-02 

2.206E-02 

1.150E-01 

21 

51 

3*742E*01 

1.774E*00 

2.273E-02 

1.165E-01 

2.712E-02 

1.414E-01 

23 

4 

8*901E-G1 

1.067E-01 

5.222E-04 

1.886E-02 

6.227E-04 

2.250E-02 

23 

5 

2.071E-02 

2.482E-03 

1.215E-05 

4. 3906-04 

1.449E-05 

5.235E-04 

23 

6 

l.741E*GC 

2.086E-01 

1.021E-03 

3.690E-02 

1.218E-03 

4.400 E-0 2 

23 

8 

2.0746*00 

2.485fc-01 

1.216E-03 

4.3956-02 

1.451E-03 

5.241E-02 

23 

10 

2.855E+O0 

3.^22 E -01 

1.675E-03 

6.G51E-02 

1.99BE-03 

7.217E-02 

23 

11 

2.745E*0G 

3.289E-01 

1.610E-G3 

5.C17E-02 

1.920E-G3 

6.937E-02 

23 

12 

2.317E-K)0 

2.776E-Ci 

1.359E-03 

4.910E-02 

1.62 IE -03 

5.856E-02 

23 

13 

5.268E-01 

6.312E-02 

3.090E-04 

1.116E-02 

3.685E-04 

1.331E-02 

23 

14 

7.011E-O2 

R.401E-G3 

4.113E-05 

1.4R6E-03 

4.905E-05 

1.772 E-0 V. 

23 

15 

5.fll9E-G2 

6. 972 E -03 

3.413E-05 

1.233E-G3 

4.0 7 IE -05 

1.471E-03 

23 

16 

3.633E+O0 

4.413E“01 

2.160E-03 

7.8056-02 

2.576E-03 

9.307E-02 

23 

17 

2.980E*OG 

3.571E-G1 

1.748E-03 

6.316B-02 

2.085E-03 

7.532E-02 

23 

18 

2*810E*00 

3.367E-01 

1.640E-O3 

5.955E-02 

1.966E-03 

7.102E-02 

23 

19 

1.395E*00 

1.672 E-01 

8.185E-04 

2.957E-02 

9.761E-04 

3.526E-02 

23 

20 

2.835E+00 

3.397E-01 

1.663E-03 

6.008E-02 

1.983E-03 

7.165E-02 



TablelZL 

HEAT TRANSFER DATA {Cont.) 


RUN 

GAGE 



**r=1.0 

o 

X 

b 

•*r=.85 

o 

X 

II 

23 

21 

1.447E+0G 

1.734E-G1 

8.491E-04 

3.068E-02 

1.0136-03 

3.6586-02 

23 

22 

4.340E-01 

5.20GE-02 

2.546E-04 

9. 197E-03 

3.0366-04 

1 .0976-02 

23 

24 

3.011E<H3D 

3.60SE-O1 

1.766E-03 

6.3816-02 

2.1066-03 

7.6096-02 

23 

25 

4.042E-02 

4.844E-03 

2.3716-05 

8-567E-04 

2.8266-05 

1 .0226-03 

23 

26 

2.788E+00 

3.341E-01 

1*6366-03 

5.9096-02 

1.9506-03 

7.0466-02 

23 

27 

5.349E-01 

6.409E-02 

3.138E-04 

1.1346-02 

3.7426-04 

1.3526-02 

23 

30 

2.792E+00 

3.346E-01 

1.6366-03 

5.917E-02 

1.953E-03 

7.0576-02 

23 

31 

3,420E+O0 

4.096E-01 

2.0G6E-03 

7.2496-02 

2.3936-03 

8.6446-02 

23 

32 

5.G31E-02 

6. 029 E -03 

2.952E-05 

1.0666-03 

3.5206-05 

1.272E-03 

23 

33 

T.949E-02 

9.526E-03 

4.663E-G5 

1.6856-03 

5.5616-05 

2.0096-03 

23 

34 

2.421E+00 

2.901E-01 

1.420E-03 

5.130E-0? 

1.693E-03 

6.1186-02 

23 

35 

4,275E-01 

5.122E-02 

2. 5 086-04 

9.0596-03 

2.990E-04 

1 .0806-02 

23 

36 

7.48 IE -02 

fi.964E-03 

4.389E-05 

1.5856-03 

5.2346-05 

1. 8916-03 

23 

38 

2.491E+00 

2.985E-01 

1.461E-03 

5.2796-02 

1.743E-03 

6.2966-02 

23 

39 

1.842E+00 

2.207E-01 

1.080E-G3 

3.9036-02 

1.288E-03 

4.6556-02 

23 

40 

3.870E-01 

4.637E-02 

2.2706-04 

8.2026-03 

2.707E-04 

9.7816-03 

23 

41 

2.849E-01 

3.414E-02 

1.6716-04 

6.0386-03 

1.993E-04 

7.2016-03 

23 

42 

l.303EM)l 

1.562E-02 

7.645E-05 

2.7626-03 

9.1176-05 

3.2946-03 

23 

43 

1.729E+00 

2.072E-01 

1.0146-03 

3.665E-02 

1.210E-03 

4.3716-02 

23 

44 

6.120E4^0 

7.333E-01 

3.5906-03 

i. 2976-01 

4.281E-03 

1.5476-01 

23 

51 

1.511E*>01 

1.810 E'l^OO 

8.8636-03 

3.2026-01 

1.057E-02 

3.8186-01 

23 

52 

1.485E+01 

1.779E+GG 

8.7096-03 

3.1466-01 

1.039E-02 

3.7526-01 

2A 

4 

2.428E-01 

2.954E-02 

1.4266-04 

5.3286-03 

1. 7006 -04 

6.3546-03 

2A 

5 

2.396E-01 

2.915E-02 

1. 4076-04 

5.2586-03 

1.67BE-04 

6.2716-03 

24 

6 

3.986E-01 

4.850E-02 

2. 3416-04 

8.7486-03 

2.792E-04 

1.043E-02 

24 

7 

4.176E-01 

5.0B2E-02 

2.4526-04 

9.1656-03 

2.9256-04 

1.0936-02 

24 

e 

5.693E-01 

6.927E-G2 

3.3436-04 

1.2496-02 

3.9876-04 

1 .4906-02 

24 

10 

5-929E-01 

7.214E-02 

3.4826-04 

1. 3016-02 

4.1526-04 

1.5526-02 

24 

11 

6.750E-01 

8.212E-02 

3.9646-04 

1.4816-02 

4.7276-04 

1.7666-02 

24 

12 

7.154E-01 

8.705E-02 

4.201E-04 

1.5706-02 

5.010E-04 

1.8726-02 

24 

13 

9.264E-02 

1.127E-02 

5.4406-05 

2.0336-03 

6.4886-05 

2.A24E-03 

24 

14 

6-528E-02 

7.943E-G3 

3. 8346-05 

1.4336-03 

4.572E-05 

1.7096-03 

24 

15 

5.B88E-01 

7.164E-02 

3. 4576-04 

1.2926-02 

4.123E-04 

1.541 6-02 

24 

16 

6.746E-01 

8.208E-G2 

3.9626-04 

1.4806-02 

4.725E-04 

1.7666-02 



Table3Z£ 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



*’r=1.0 

Cu 

*’r=.85 

II 

24 

17 

8,622E-01 

1.049E-01 

5.063E-04 

I*892E-02 

6.038E-04 

2.256 E-02 

24 

18 

7.015E-01 

8.535E-02 

4.119E-04 

1.539E-02 

4.913E-04 

1.B36E-02 

24 

19 

4.492E-01 

5.465E-02 

2.638E-04 

9.857E-03 

3.146E-04 

1.176E-02 

24 

20 

6.853E-G1 

8.338E-02 

4.024E-04 

1.504E-02 

4.800E-04 

1.794E-02 

24 

21 

4.657E-01 

5.667E-G2 

2.735E-04 

1.022E-02 

3.262E-04 

1.219E-02 

24 

22 

4.842E-02 

5.891E-03 

2.843E-05 

1.062E-03 

3.391E-05 

1.267E-03 

24 

23 

6.469E-02 

7.871E-03 

3.799E-05 

1.420E-03 

4.531E-05 

1.693E-03 

24 

24 

6.739E-01 

6.199E-02 

3.957E-04 

1.479E-02 

4.719E-04 

1 .764E-02 

24 

25 

5.643E-01 

6.866E-02 

3.314E-04 

1.238E-02 

3.952E-04 

1 .477E-02 

24 

26 

6.520E-01 

7.933E-02 

3.829E-04 

1.431E-02 

4.566E-04 

1.706E-02 

24 

27 

e.831E-02 

1.075E-02 

5. 186E-G5 

1.938E-03 

6.185E-05 

2.311E-03 

24 

28 

7*708E-02 

9.379E-03 

4.526E-05 

l,692E-03 

5.398E-05 

2.017E-03 

24 

29 

8*131E-02 

9.894E-03 

4.775E-05 

1.784E-G3 

5.695E-05 

2.128E-03 

24 

30 

7.137E-01 

8 • 684E-02 

4.191E-04 

1.566E-02 

4.998E-04 

l,868E-02 

24 

31 

7.195E-01 

8.754E-02 

4.225E-04 

1.579E-02 

5.G39E-04 

1.883E-G2 

24 

33 

6*452E-01 

7. 85GE-02 

3.789E-04 

1.416E-02 

4.518E-04 

1.689E-02 

24 

34 

6.245E-01 

7.599E-02 

3.667E-04 

1.370E-02 

4.374E-04 

1.634E-02 

24 

35 

4.727E-02 

5.752E-03 

2.776E-05 

1.037E-03 

3.311E-05 

1.237E-03 

24 

37 

1,429E-01 

1.738E-G2 

8.389E-05 

3.135E-03 

l.OOOE-04 

3.739E-03 

24 

3P 

7.267E-01 

8.842E-02 

4.267E-04 

1.595E-02 

5.089E-04 

1.902E-02 

24 

39 

3.726E-01 

4.533E-02 

2.188E-04 

8.175E-03 

2.6Q9E-04 

9.750E-03 

24 

40 

9.401E-02 

l*l44E-02 

5.520E-05 

2.063E-03 

6.584E-05 

2.460E-03 

24 

43 

5,930E-01 

7.216E-02 

3.482E-04 

1.3OIE-02 

4.153E-04 

1.552E-02 

24 

44 

6.152E+00 

7.485E-01 

3.612E-03 

1.350E-01 

4.308E-03 

1.610E-01 

24 

51 

1.463E401 

1.780E+00 

8.589E-03 

3.210E-G1 

1.024E-02 

3.828E-01 

24 

52 

1.467E+01 

l*785E+00 

8.615E-D3 

3.219E-01 

1.027E-02 

3.839E-01 

25 

4 

1.956E-01 

9.073E-03 

1.180E-O4 

5.959E-04 

1.408E-04 

Y.108E-04 

25 

5 

2-384E-01 

1.106E-02 

1,439E-G4 

7.264E-04 

1.717E-04 

8.666B--04 

25 

6 

3.112E-01 

1.444E-02 

1.878E-04 

9.4ft 1E-G4 

2.240E-04 

1.131E-03 

25 

7 

3.5G1E-G1 

1.624E-02 

2.113E-04 

1.067E-03 

2.5 2 OE -04 

1.272E-03 

25 

8 

5,182E-01 

2.404E-02 

3.128E-04 

l,579E-03 

3.731E-04 

1.884E-03 

25 

9 

4,42 8E -01 

2.054E-02 

2.6 72E-04 

1. 349E-03 

3. 18 BE -04 

l,6G9E-03 

25 

10 

5.182E-01 

2.404E-02 

3.l2BE-04 

1.579E-03 

3.731E-04 

1.883E-03 

25 

11 

5*501E-01 

2.552E-G2 

3.320E-04 

1.67i.E-03 

3.961E-04 

1.P99E-03 



Table 301 

HEAT TRANSFER DATA (Cent.) 


RUN 

GAUE 

% 


^=1.0 

Cu 

1.0 

•*r=.85 

Cu 

"r«.85 

25 

12 

5.775E-01 

2.679E-^)2 

3.486IE“04 

1.760E-03 

4.158E-04 

2.099E-03 

25 

13 

6*252E-01 

2,901E-02 

3.774E-04 

1.905E-03 

4.501E-04 

2.272E-03 

25 

14 

5.841E-01 

2.710E-02 

3.525E-04 

1.780E-03 

4.205E-04 

2.123E-03 

25 

15 

5.6G3E-01 

2.599E-G2 

3.382E-04 

1.707E-03 

4.034E-04 

2.037E-03 

25 

16 

6,297E-01 

2.922E-02 

3.801E-04 

1.919E-03 

4.534E-04 

2 ,289E-03 

25 

17 

6.550E-01 

3.039E-02 

3.954E-04 

1.996E-03 

4.716E-04 

2 .3816-03 

25 

18 

6.570E-OI 

3.048E-02 

3.966E-04 

2.002E-03 

4.731E-04 

2.386E-03 

25 

19 

6. 502EHJ1 

3.016E-02 

3.924E-04 

1.981E-03 

4.681E-04 

2,3636-03 

25 

20 

7.619E-01 

3.535E-02 

4.598E-04 

2.321E-03 

5.485E-04 

2.7696-03 

25 

21 

7.337E-01 

3*404E”02 

4.429E-04 

2.236E-03 

5.283E-04 

2.667E-03 

25 

22 

7*246E-01 

3.362E-02 

4*374E-04 

2.208E-03 

5.217E-04 

2.6346-03 

25 

23 

7.325E-01 

3.399E-G2 

4,421E-04 

2.232E-03 

5.274E-04 

2.6636-03 

25 

24 

7.926E-01 

3*677E-02 

4.764E-04 

2.415E-03 

5.7G7E-04 

2.6816-03 

25 

25 

7.B42E-01 

3.638E-02 

4.733E-04 

2.389E-03 

5.646E-04 

2.8506-03 

25 

26 

8.394E-G1 

3-894E-G2 

5.066E-04 

2.558E-03 

6.044E-04 

3.0516-03 

25 

27 

8.015E-O1 

3,718E-02 

4.8386-04 

2.442E-03 

5.771E-04 

2.913E-03 

25 

28 

8.280E-O1 

3,841E-02 

4.998 E-04 

2.523E-03 

5.962E-04 

3.010E-03 

25 

29 

8.144E-01 

3.779E-02 

4.916E-04 

2. 4P 26-03 

5.ft64E-G4 

2.960E-03 

25 

30 

9.701E-01 

4.501E-02 

5.855E-04 

2.956E-03 

6 *9856-04 

3.5266-03 

25 

31 

1.044E+00 

4.843E-02 

6.301 E-04 

3.181E-03 

7.517E-04 

3. 7956-03 

25 

32 

1.006E+00 

4.669E-02 

O.074E-04 

3.066E-G3 

7.245E-04 

3.658E-03 

25 

34 

l*45GE+00 

6.727E-02 

8.751E-04 

4.418E-03 

1.044E-03 

5.2706-03 

25 

35 

1.306E+0G 

6.059E-02 

7.883E-04 

3.9R0E-G3 

9,4046-04 

4.747E-03 

25 

36 

l.273E^00 

5.908E-G2 

7. 6 86 E-04 

3.880E-03 

9.169E-04 

4.6296-03 

25 

37 

1,310E*00 

6.077E-02 

7.906E-04 

3.991E-03 

9.431E-04 

4.761E-03 

25 

36 

2. 22 IE +00 

1.030E-01 

1.340E-03 

6.767E-03 

1.599E-03 

8.0726-03 

25 

39 

2*162E+00 

1-003E-01 

1.305E-03 

6.5R9E-03 

1.557E-03 

7.8606-03 

25 

40 

2.165E+00 

1.004E-01 

1.3G7E-03 

6.596F-03 

1.559E-03 

7.8696-03 

25 

41 

2. 03 9E 400 

9.458E-02 

1.230E-G3 

6.212E-03 

1.468E-03 

7.4106-03 

25 

42 

l,9l2E+00 

8.869E-02 

1.154E-03 

5-825E-03 

1.376E-03 

^..9486-03 

25 

43 

l*0a6E+01 

5.036E-01 

6.552E-03 

3.30RE-02 

7,8166-03 

3.9466-02 

25 

44 

3 . 9'>E+01 

1.480E400 

1.925E-02 

9. 719E-02 

2.296E-G2 

1.159E-01 

25 

51 

4»l64E40l 

1.932E+00 

2.513E-02 

1.269E-01 

2.998E-02 

1.5136-01 

25 

52 

4.103E+01 

1.903E+00 

2.476E-02 

1.250E-01 

2.954E-02 

1.4916-01 

26 

5 

1.931E-01 

9.108E-03 

2.075E-04 

2.297E-04 

2.502E-O4 

?.7706-04 


TablelZL 

HEAT TRANSFER DATA (Cont) 


RUN 

GAGE 



hr =1.0 

o 

X 

II 

b 


o 

X 

II 

b 

cn 

26 

8 

4.857E-01 

2.291E-02 

5.217E-04 

5.776E-04 

6.293E-04 

6.966 E-04 

26 

10 

5.517E-01 

2.602E-02 

5.926E-04 

6.560E-04 

7.148E-04 

7.913E-04 

26 

11 

6.258E-01 

2.951E-02 

6.722E-04 

7.442E-04 

8.108E-04 

8.976E-04 

26 

12 

6.273E-01 

2.958E-02 

6.738E-04 

T.459E-04 

8.127E-04 

fU996E-04 

26 

13 

7.064E-01 

3.331E-02 

7.587E-04 

8.400E-04 

9.152E-04 

1.013E-03 

26 

15 

5.453E-01 

2.572E-02 

5.85SE-04 

6.435E-G4 

7.065E-04 

7.8216-04 

26 

16 

5.484E-01 

2. 586 E-^ 2 

5.890E-04 

6.52GE-04 

7.104E-04 

7.864E-04 

26 

17 

6*656E-01 

3.139E-02 

7.149E-04 

7.914E-04 

8.623E-04 

9.545E-04 

26 

18 

6-847E-01 

3.229E-02 

7.354E-G4 

8.141E-04 

8.870E-G4 

9.R20E-04 

26 

19 

6.914E-01 

3.260E*02 

7.426E-G4 

8.221E-04 

8.957E-04 

9 .9 16E-04 

26 

20 

7.604E-O1 

3.586E-02 

8.168E-04 

9.042E-04 

9.851E-04 

1.091E-03 

26 

21 

7-243E-01 

3.415E-02 

7.779E-04 

8.612E-04 

9.383E-04 

1.039E-03 

26 

22 

7*101E-O| 

3.349E-02 

7.627E-04 

8.444E-04 

9.200E-G4 

1.018E-03 

26 

23 

7.871E-01 

3.712E-02 

8.455E*-04 

9.360E-04 

1-020E-03 

1.129E-03 

26 

24 

7.858E-01 

3.7G6E-02 

8.441E-04 

9.344E-04 

1.O10E-O3 

1.127E-03 

26 

25 

9.230E-01 

4.353E-C2 

9.914E-04 

1.098E-G3 

1.196E-03 

1.324E-03 

26 

26 

8,005E-01 

3.775E-02 

8.598E-04 

9.519E-04 

1.037E-O3 

1.148E-03 

26 

27 

8.132E-01 

3.835E~G2 

8.735E-04 

9.67GE-04 

1.054E-03 

1.166E-03 

26 

28 

8.566E-01 

4.040E-02 

9.201E-04 

1.019E-03 

l.llOE-03 

1.229E-03 

26 

29 

T.350E-01 

3.466 E-02 

7.895E-04 

8.740E-04 

9.523E-04 

1.054E-G3 

26 

30 

1.051E+OG 

4.954E-02 

1.128E-03 

1.249E-03 

1.361E-03 

1.507E-03 

26 

31 

l*098E+00 

5.179E-02 

1.180E-03 

1.306E-G3 

1.423E-03 

1.575E-0 3 

26 

32 

1.097E+00 

5. 173E-02 

1. 178E-03 

1.3G4E-03 

1.421E-03 

1.573E-03 

26 

33 

1.259E400 

5.937E-02 

1 . 352E-03 

1.497E-03 

1.631E-03 

X.806E-03 

26 

34 

1.401E+00 

6.608E-02 

1.505E-03 

1.666E-G3 

1.816E-03 

2.G10E-03 

26 

35 

1.76 IE +00 

8.305E-02 

1.892E-03 

2.094E-03 

2.282E-03 

2.526E-03 

26 

36 

1.371E+00 

6.465E-02 

1.473E-03 

1.630E-03 

1.776E-03 

1.966E-03 

26 

37 

1.434E+00 

6.764E-02 

1.541E-03 

1.706E-03 

1.858E-03 

2.057E-03 

26 

38 

2.537E+00 

1.196E-01 

2.725E-03 

3.017E-G3 

3.267E-03 

3.639E-03 

26 

39 

2.023E+0G 

9.540B-02 

2.173E-03 

2.406E-03 

2.621E-03 

2.901E-03 

26 

40 

1.861E+00 

6.777E-02 

1.999E-03 

2.213E-03 

2.411E-03 

2.669E-G3 

26 

42 

1.902E+00 

8.968E-02 

2.043E-03 

2.261E-G3 

2.464E-G3 

2.728E-03 

26 

43 

1.40 OE +01 

6 • 604E—0 1 

1.504E-02 

1.665 E-02 

1.814E-02 

2.008E-02 

26 

44 

3. 8G1E+01 

1.792E+00 

4.0B2EHD2 

4.519E-G2 

4.924E-02 

5.451E-02 

26 

51 

6.563E+01 

3.095E+00 

7.050E-02 

7.804E-02 

8.5G3E-C2 

9.413E-02 



Tablem 

HEAT TRANSFER DATA (Cont.) 


RUN 

GAGE 



*’r= 1.0 

= 1.0 

*’f = .85 

Cu 

"r = .85 

26 

52 

4*83 IE *01 

2.278E+00 

5.189E-02 

5.744E-02 

6.258E-02 

6.928E-02 

27 

4 

5.851E-02 

7.052E-03 

3.501E-05 

1.218E-03 

4.176E-05 

1.453E-03 

27 

5 

6.621E-02 

7*980e-03 

3.962E-05 

l,379E-03 

4.726E-05 

1 .645E-03 

27 

6 

1.4G3E-01 

1.691E-02 

8.393E-05 

2.921E-03 

l.OOlE-04 

3.484E-03 

27 

7 

1.207E-01 

1.455E-02 

7*224£-05 

2.514E-03 

8*617E-05 

2.9996-03 

27 

8 

1*676E-01 

2.02lfc-02 

1.003E-04 

3. 490E-03 

1.197E-04 

4*1646-03 

27 

9 

1.437E-01 

1.732E-02 

8.597E-05 

2-992E-03 

1.026E-04 

3.5696-03 

27 

10 

1.820E^1 

2.194E-02 

1.089E-04 

3*790E~03 

1.299E-04 

4.5226-03 

27 

11 

2*32 1 L -01 

2.79TE-02 

1.389E-04 

4*833E-03 

1.657E-04 

5.765 B-03 

27 

12 

2.165E-01 

2.610E-O2 

1.295E-04 

4.508E-03 

1*5456-04 

5.378E-03 

27 

IB 

2.2iaE-01 

2.673E-02 

l,327E-04 

4.618E-03 

1. 5836 -04 

5.509E-03 

27 

14 

2.100E-01 

2.531E-02 

1.25TE-04 

4* 373E-G3 

1.499E-04 

5.216E-03 

27 

15 

2.291E-01 

2.761E-02 

l.371EH)4 

4.770E-03 

X.635E-04 

5.6916-03 

27 

16 

1.929E-01 

2*325E-02 

1.154E-G4 

4*0l6E-03 

X*377E-04 

4.791E-03 

27 

17 

2.456E-01 

2.961E-02 

1.470E-G4 

5.115E-03 

1.753E-04 

6*l01E-03 

27 

18 

2.427E-01 

2.925E-02 

l»452E— 04 

5*053E-03 

1.732E-04 

6.028 E-03 

27 

19 

2*604E-01 

3.139E-02 

1*558E-04 

5.422E-03 

1.859E-04 

6*4686-03 

27 

20 

2*635E-01 

3*l76E-02 

1.577E-04 

5.407E-O3 

1*88 IE -04 

6.5466-03 

27 

21 

2.408E-01 

2.903E-02 

1.441E-04 

5.015E-03 

1.719E-G4 

5*9826-03 

27 

22 

2.361E-01 

2*B45E-02 

1.413E-04 

4.916E-03 

1.685E-04 

5.864E-03 

27 

23 

2.329E-01 

2.807E-02 

1 • 394E-04 

4*849E*-03 

1.662E-04 

5.7856-03 

27 

24 

2.546E-01 

3.068E-02 

l.523Ei-04 

5.300E-03 

1.817E-04 

6.323E-03 

27 

25 

2-812E-01 

3*389E-02 

1.683EWG4 

5*8556-03 

2.007E-04 

6.985E-03 

27 

26 

2.983E-G1 

3-595E-02 

1.785EH>4 

6*2116-03 

2*l29E-04 

7.4096-03 

27 

27 

2.697E-01 

B-esiE-oa 

1.614M4 

5.616E-03 

1.925E-04 

6.7006-03 

27 

28 

3.197E-01 

3.e54E-02 

1*913E-04 

6.657E-03 

2.282E-04 

7.941E-03 

27 

29 

2*666E“01 

3.213E-02 

l*595E-04 

5-550E-03 

1*9036-04 

6*621 E-03 

27 

30 

3.338E-01 

4.023E-G2 

1.997E-04 

6.950E-03 

2*382E-04 

8.291E-03 

27 

31 

3*154E-01 

3 ,802^-02 

1.887E-04 

6.568E-03 

2.252E-04 

T.e35E-03 

27 

32 

3.682E-01 

4.43SE-02 

2*203E-04 

7*667E-03 

2*628E-04 

9.146E-03 

27 

33 

5,300E-01 

6.388E-02 

3.171E-04 

1.104E-02 

3.783E-04 

1. 3166-02 

27 

34 

4.503E-01 

5.427E-02 

2.694E-04 

9*3766-03 

3*2l4E-04 

1.1186-02 

27 

35 

4*444E-01 

5.356E-02 

2.659E-04 

9*2536-03 

3.172E-Q4 

1.1046-02 

27 

36 

4.580E-01 

5.520E-^2 

2.740E-04 

9. 5366-03 

3.269E-04 

1.138E-G2 
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Table 3ZE 

HEAT TRANSFER DATA (Cent) 


RUN 

GAGE 

8w 

Q /q 

= 1.0 

Cu 

"r=1.0 

^=.85 

Cu 

”r=.85 

27 

37 

5.376E-01 

6.480E-02 

3.217E-04 

1.119E-02 

3.837E-04 

1.335E-02 

27 

38 

7.418E-01 

8.941E-G2 

4.439E-04 

1.545E-02 

5.295E-04 

1.R43E-02 

27 

39 

6«864E-01 

8.274E-02 

4. X07E-04 

1.429E-02 

4.900E-04 

1.705E-02 

27 

40 

6*766E-0I 

8.155E-02 

4.048E-04 

1.409E-02 

4.830E-04 

1.681 E-02 

27 

4X 

7.023E-O1 

8-465E-02 

4.202E-G4 

1.462E-02 

5.013E-04 

1.744E-02 

27 

A2 

7.171E-01 

8.643E-02 

4.291E-04 

1.493E-02 

5.118E-04 

1.781E-02 

27 

43 

3.683E+00 

4.439E-01 

2.204E-G3 

7.669E-02 

2.629E-03 

9.149E-02 

27 

44 

1.180E-^01 

1.422E+00 

7.059E-03 

2.456E-01 

8.420E-03 

2.930E-01 

27 

5X 

1,501E+01 

l.a09E+00 

e.982E-03 

3.126E-01 

1.071E-02 

3.729E-01 

27 

52 

1.442E+01 

1.737E+00 

8.625E-03 

3.0G2E-G1 

1.G29E-02 

3.581E-01 

28 

4 

2,09BE-Q1 

9.931E-03 

1.264E-04 

6.736E-04 

1.507E-04 

8.036E-04 

29 

5 

1.965E“01 

9.300E-03 

1 .1836-04 

6.308E-04 

1.412E-04 

7.525E-04 

28 

6 

3.629EHn 

1.718E-02 

2.186E-04 

1.165E-03 

2.608E-04 

1.390E-03 

28 

7 

3.352E-01 

1.587E-02 

2.019E-04 

1.076E-03 

2.408E-04 

1.284E-03 

23 

8 

4.635E-01 

2.194E-02 

2.792E-04 

1.48 RE-03 

3. 33 IE -04 

X .776E-03 

28 

9 

4.08 2E-01 

1.932E-02 

2.459E-04 

1.311E-03 

2.933E-G4 

1.564E-03 

28 

10 

4.719E-01 

2.234E-02 

2.842E-04 

1.515E-03 

3. 39 IE -04 

1.808E-O3 

28 

11 

5.803E-01 

2.747E-02 

3.495E-G4 

1.B63E-03 

4.170E-04 

2.223E-03 

28 

12 

5.646E-01 

2.673E-02 

3.40GE-04 

1.813E-C3 

4.057E-04 

2.163E-03 

28 

13 

6.188E-01 

2.929E-02 

3.727E-04 

1.9fi?E-03 

4.446E-04 

2.370E-03 

28 

14 

5.661E-01 

2.680E-02 

3.410E-04 

1.818E-03 

4.068E-04 

2.168E-03 

28 

15 

3.784E-01 

2.738E-02 

3.484E-04 

1.857E-03 

4.156E-04 

2.216E-03 

28 

16 

5.935E-01 

2.810E-02 

3.575E-04 

1.906E-03 

4.265E-04 

2.274E-03 

28 

17 

6.326E-01 

2.994E-02 

3.810E-04 

2.031E-03 

4.545E-04 

2.423E-03 

28 

18 

6.880E-01 

3.257E-02 

4. 144E-04 

2.209E-03 

4. 944E-04 

2-635E-03 

28 

19 

6.780E-01 

3.210E-02 

4.084E-G4 

2.177E-03 

4.872E-04 

2.597E-03 

23 

20 

6.696E-01 

3.170E-02 

4.033E-04 

2.15OE-03 

4.811E-04 

2.565E-03 

26 

21 

6.774E-01 

3-207E-02 

4.080E-04 

2.175E-03 

4.867E-04 

2.595E-03 

28 

22 

6.360E-01 

3.010E-02 

3.830E-04 

2.042F-03 

4.570E-04 

2.436E-03 

28 

23 

6. 39 8 E -01 

3.029E-G2 

3.B54E-G4 

2.054E-03 

4.597E-04 

2.451E-03 

28 

24 

7.604E-O1 

3.600E-02 

4.580E-04 

2.442E-03 

5.464E— 04 

2.913E-03 

28 

25 

8.515E-01 

4.031E-02 

5.129E-04 

2.734E-03 

6.119E-04 

3.262E-03 

28 

26 

7.865E-01 

3.723E-02 

4.737E-04 

2.525E-03 

5.651E-04 

3.013t-03 

28 

27 

7.876E-01 

3.728E-02 

4.744E-04 

2.529E-03 

5.659E-04 

3.017E-03 



Table m 

HEAT TRANSFER DATA {ConclJ 


28 

28 

7.770E-OI 

3.678E-02 

4.680E-04 

2.495E-03 

5.583E-04 

2.976E-03 

28 

29 

7.721E-01 

3*655E-02 

4.650E-04 

2,479E-03 

5,54PE-04 

2.958E-03 

23 

30 

9.352E-01 

4.427E-G2 

5.633E-04 

3.0G3E-03 

6.720E”04 

3.582E-03 

28 

31 

1.035E*00 

4.898E-02 

6.233E-04 

3.323E-03 

7.435E-04 

3.964E-03 

28 

32 

9.712E-01 

4.598E-02 

5.850E-04 

3,118EH53 

6,979E-04 

3.720E-03 

28 

33 

] •236E'»-00 

5*849E-G2 

7.442E-04 

3.967E-03 

8,879E-G4 

4.733E-03 

28 

34 

l,31lE+00 

6,207E-02 

7.897E-04 

4*210E-03 

9.422E-04 

5.G23E-03 

28 

35 

1.227E400 

5.809E-02 

7.392E-04 

3*94GE— 03 

8.818E-04 

<.701E-G3 

28 

36 

1.258E+00 

5.956E-02 

7.578E-04 

4.040E-03 

9.04GE-04 

4.819E-03 

28 

37 

1.322E+00 

6.258E-02 

7.962E-04 

4,245E-03 

9.499E-G4 

5 •064E-03 

28 

38 

2.227E+Q0 

1.054E-01 

1.341E-G3 

7.150E-03 

1.6G0E-O3 

B.53GE-03 

28 

39 

2.005E+00 

9.492E-02 

1.208E-G3 

6*438EM)3 

1.441E-03 

7.681E-03 

23 

40 

1,958E*00 

9,271E«02 

l,18GE-03 

6.288E-03 

l*4G7E-03 

7,502E-03 

28 

41 

1.945E-K)0 

9.208E-G2 

1.172E-03 

6.245E-03 

1.398E-G3 

7.451E-G3 

28 

42 

1.876E-M30 

8.882E-02 

1,13GE-G3 

6.G24E-C3 

l*348E-G3 

7.1B7E-03 

28 

43 

1.077E+01 

5.G97E*01 

6.486E-G3 

3.458E-02 

7.737E-03 

4.125E-02 

28 

44 

3.044E+01 

1.441E+0G 

1.833E-02 

9,774E-02 

2.187E-02 

1.166E-01 




Figure 1 BASIC COMPONENTS OF THE CALSPAN HYPERSONIC SHOCK TUNNEL - 48" LEG 




Figure 2 EXTERNAL TANK MODEL 37-T - CONFIGURATION USED FOR ANGLES OF ATTACK UP TO 90 DEGREES 







Figure 4a TYPICAL MODEL INSTALLATION PHOTOGRAPH, CY --45° 



Figure 4b TYPICAL MODEL INSTALL ATION PHOTOGRAPH, 0^ = -90° 
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Figure 4d TYPICAL MODEL INSTALLATION PHOTOGRAPH, Q^ = -^SQ° 
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Figure 5 MODEL INSTALLATION SHOWING RELATIVE POSITION OF SIDE-MOUNTED 
PITOT PROBE AND 1"-DIA. HEAT-TRANSFER CYLINDER 



FWD. ATTACH. 



Figure 6 SKETCH ILLUSTRATING HEAT TRANSFER AND PRESSURE GAUGE LOCATIONS 




















































STANTON NUMBER, C 



Figure 12 STAGNATION LINE HEAT TRANSFER FOR CYLINDER NORMAL TO AIRFLOW 



POOR QUALITY 



Figure 13 SCHLIEREIM PHOTOGRAPH, RUN 1, (X =-45® 
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SCHLIEREN PHOTOGRAPH, RUN 16, a =-45' 








